






UNIVERSIDADE ESTADUAL DE CAMPINAS 
FACULDADE DE ENGENHARIA DE ALIMENTOS 
 
 
CIBELE PRISCILA BUSCH FURLAN 
 
 
PULP OIL AND LEAVES INFUSION FROM AVOCADO HASS VARIETY 
ASSOCIATED WITH PHYSICAL ACTIVITY IN THE TREATMENT OF THE 
INJURIES CAUSED BY OBESITY  
 
AZEITE DA POLPA E INFUSÃO DAS FOLHAS DO AVOCADO DA VARIEDADE 
HASS ASSOCIADOS À ATIVIDADE FÍSICA NO TRATAMENTO DOS DANOS 








CIBELE PRISCILA BUSCH FURLAN 
 
PULP OIL AND LEAVES INFUSION FROM AVOCADO HASS VARIETY ASSOCIATED WITH 
PHYSICAL ACTIVITY IN THE TREATMENT OF THE INJURIES CAUSED BY OBESITY  
 
AZEITE DA POLPA E INFUSÃO DAS FOLHAS DO AVOCADO DA VARIEDADE HASS 
ASSOCIADOS À ATIVIDADE FÍSICA NO TRATAMENTO DOS DANOS CAUSADOS PELA 
OBESIDADE 
 
               
Thesis presented to the Faculty of  Food Engineering 
of  the University of Campinas in partial fulfillment 
of the requirements for the degree of Doctor in Food 
and Nutrition, in the area of Experimental Nutrition 
Applied to Food Technology. 
 
Tese apresentada à Faculdade de Engenharia de 
Alimentos da Universidade Estadual de Campinas 
como parte dos requisitos exigidos para a obtenção 
do título de doutora em Alimentos e Nutrição, na 
área de Nutrição Experimental e Aplicada à 
Tecnologia de Alimentos. 
 
Orientador: Prof. Dr. Mário Roberto Maróstica Júnior    
 
 
ESTE EXEMPLAR CORRESPONDE À VERSÃO FINAL  
DEFENDIDA PELA ALUNA CIBELE PRISCILA BUSCH 
FURLAN E ORIENTADA PELO PROF. DR. MÁRIO 


















Universidade Estadual de Campinas 
Biblioteca da Faculdade de Engenharia de Alimentos 
Claudia Aparecida Romano - CRB 8/5816 
 
 
Furlan, Cibele Priscila Busch, 1985- 
F978aurAzeite da polpa e infusão das folhas do avocado da variedade Hass 
associados à atividade física no tratamento dos danos causados pela obesidade 
/ Cibele Priscila Busch Furlan. – Campinas, SP : [s.n.], 2017. 
 
FurOrientador: Mário Roberto Maróstica Júnior. 
FurTese (doutorado) – Universidade Estadual de Campinas, Faculdade de 
Engenharia de Alimentos. 
 
Fur1. Azeite. 2. Extratos. 3. Folhas. 4. Ácidos graxos. 5. Flavonóides. I. 
Maróstica Júnior, Mário Roberto. II. Universidade Estadual de Campinas. 
Faculdade de Engenharia de Alimentos. III. Título. 
 
 
Informações para Biblioteca Digital 
 
Título em outro idioma:Pulp oil and leaves infusion from avocado Hass variety associated 
with physical activity in the treatment of the injuries caused by obesity 






Área de concentração: Nutrição Experimental e Aplicada à Tecnologia de Alimentos 
Titulação: Doutora em Alimentos e Nutrição 
Banca examinadora: 
Mário Roberto Maróstica Júnior [Orientador] 
Juscelino Tovar Rodriguez 
Jane Cristina de Souza 
Renato Grimaldi 
Stanislau Bogusz Junior 
Data de defesa: 09-11-2017 






Prof. Dr Mário Raberto Maróstica Júnior 
Orientador 
 
Profª Drª Jane Cristina de Souza 
Titular 
Instituto de Biologia - UNICAMP 
 
Profº Dr Juscelino Tovar Rodriguez 
 Titular 
Lund University, Suécia 
 
Profº Dr Renato Grimaldi 
Titular 
Faculdade de Engenharia de Alimentos – UNICAMP 
 
Profº Drª Stanislau Bogusz Junior 
Titular 




Ata da defesa com as respectivas assinaturas dos membros encontra-se no processo de vida 





























Dedico esse trabalho à minha família, irmãos e amigos e em especial aos meus pais, 
Sebastião Cezar Furlan e Monica Cristina Busch Furlan, pelo amor incondicional, 
carinho, suporte e compreensão, ao meu professor de filosofia budista, Plínio Marcos Tsai, 
pela compreensão, altruísmo e dedicação, e ao meu namorado Tiago João da Silva Pinto 












À Fundação de Amparo à Pesquisa do Estado de São Paulo (FAPESP) pelo Auxílio-
Pesquisa concedido (Processo nº2015/13320-9).   
 
Ao Conselho Nacional de Desenvolvimento Científico e Tecnológico (CNPq), pela 
concessão da bolsa de estudos (Processo nº: 301108/2016-1).  
 
Ao Programa Ciências Sem fronteiras pela bolsa concedida (Processo nº205356/2014-1) e 
ao governo da Dilma Rousseff por ter dado atenção pra área da pesquisa acadêmica e 
educação.  
 
À Jaguacy Brasil ® pelo fornecimento dos suplementos utilizados nos experimento. 
 
Ao Prof. Dr. Mário Roberto Maróstica Júnior pela orientação e oportunidade de 
trabalharmos juntos. 
 
À Dra. Soely Maria Pissini Machado Reis, pela grande amizade e ajuda constante, 
fundamentais durante esses anos de pesquisa. 
 
Ao Prof. Dr. Áureo Tatsumi Yamada do Instituto de Biologia da Unicamp pela parceria, 
orientação e ajuda nas análises histológicas. 
 
À Banca Examinadora pelas sugestões que contribuíram para o aprimoramento do 
trabalho. 
 
Ao Prof Dr. Dennys Cintra que mostra paixão pelo trabalho investigativo e que me 
inspirou fortemente a aprofundar meu conhecimento e visão crítica dentro da área 
acadêmica. 
 
Ao Prof. Dr. Juscelino Tovar por ter aceitado me orientar durantes os meses de doutorado-
sanduiche na Universidade de Lund, Suécia. Obrigada pela paciência, por todos os 
preciosos ensinamentos e orientação desde 2015 até o presente momento.   
 
À Profª. Elin Östman por ter sido o primeiro contato meu com a Universidade de Lund, por 
ter se dedicado em todo o processo legal entre Suécia e Brasil. Pelo apoio, paciência e 
ensinamentos.  
 
À Profª. Sandra Valle pelos bons momentos na Universidade de Lund, por todo o suporte 
estatístico e pela amizade. 
 
À Universidade de Lund por ter aberto as portas para os brasileiros e pela parceria com a 
Unicamp. Agradeço ao povo sueco pelo acolhimento e ótimos hábitos compartilhados com 
os estrangeiros. Jamais esquecerei os momentos fundamentais do dia: fika!!  
  
Ao Prof. Dr. Renato Grimaldi e as técnicas Priscila e Marcela do Laboratório de Óleos e 
Gordura da Unicamp pela parceria e orientação nas análises cromatográficas. 
  
  
À Profª. Drª. Danielle Caranti pela gentileza constante, por todo apoio e ensinamentos 
preciosos que me passou quando trabalhamos juntas no Grupo de Estudos da Obesidade 
(GEO) da Unifesp-Santos. 
 
A Drª. Jane Souza pelas preciosas correções e olhar crítico que foram fundamentais para o 
enriquecimento e melhoria do presente trabalho. 
 
Ao Prof. Dr. Stanislau Bogusz por todos os anos de parceria desde 2013 até o presente 
momento. Pelos preciosos ensinamentos nesses anos. 
 
À Maria Susana Corrêa Alves da Cunha, pelo apoio técnico e descontração durante a 
execução do ensaio biológico. 
 
Aos funcionários do Departamento de Alimentos e Nutrição, em especial Cidinha e 
Francisco, pela ajuda durante todo o trabalho. 
 
Aos amigos de longa data do Laboratório de Nutrição e Metabolismo: Angela Batista, 
Cinthia Betim, Glaucia Carielo, Juliana da Silva, Milena Vuolo, Gustavo Fanaro, Andressa 
Baseggio, Cintia Ballard, por todos os momentos especiais compartilhados. Sem vocês 
meu trabalho no laboratório não teria sido divertido e agradável como foi.  
 
À dedicada aluna de Iniciação Científica Sumaymana Mayã pelo companheirismo e 
amizade durante todo o ensaio biológico e durante as análises. 
 
Aos meus irmãos, Estevan Furlan, Victor Furlan e Lucas Furlan pela amizade e pelos 
momentos de carona – especialmente de madrugada, agradeço muito pelo apoio, 
compreensão, e por todos os momentos de descontração e risadas. 
 
Aos amigos e segunda família da Associação TathagataGarbha (ATG) e do Instituto de 
Estudos das Tradições Budistas (ITB), em especial à turma 2008: Lobsang Chogni, 
Nirvana França (Lobsang Padma), Loyane Ferreira (Lobsang Drolma), Estela Piccin 
(Lobsang Lhamo), Tattiane Marques, Ethel Beluzzi, Patrícia Palazzo, Fernando Van Pia, 
Harumi Sakuma, Maximiliano Sawaya e Yu Jun pela companhia, ajuda constante e 
amizade, que durante estes anos foram fundamentais.  
 
Aos também amigos da ATG e de longa data: Nayara e Yoshi Takahashi, Joyce Carpes, 
Geovana Moretto, Laura Ribas, Isabella Graballos, Jessica Noriega, Anna Mazza, Larissa 
Bajay, Viviane Bosso, Lorenza Testa pelas caronas, apoio, amizade, momentos felizes e 
confiança. 
 
Aos meus amigos de trabalho do Espaço Centra: Raíssa, Tatiane, Nayara, Mari, Maria 
Camila, Leandra, Regis, Luisa, Ana, e especialmente a Fernanda Rodrigues. Obrigada pela 




Este trabalho investigou os efeitos dos compostos bioativos do azeite da polpa e infusão 
das folhas do avocado Hass nos danos causados pela dieta hiperlipídica. O estudo em 
modelo animal objetivou o tratamento em ratos Wistar induzidos ao desequilíbrio 
endócrino e metabólico por meio de uma dieta rica em lipídios com ácidos graxos 
inflamatórios submetidos ao tratamento com dieta padrão com azeite da polpa ou infusão 
das folhas do avocado Hass em conjunto com a atividade física de baixa intensidade. No 
segundo estudo foi conduzido um ensaio clínico cross-over que objetivou avaliar o impacto 
de duas refeições com ácidos graxos de diferentes cadeias de carbonos (saturada e 
insaturada) nos parâmetros metabólicos pós-prandiais em voluntários idosos com 
sobrepeso, saudáveis, consumindo uma refeição hipercalórica-hiperlipídica. Foram 
analisados, hormônios, atividade antioxidante endógena e exógena, perfil lipídico, 
lipoperoxidação, citocinas anti e pró-inflamatórias e as expressões gênicas, enzimas 
hepáticas, homeostase da glicose e histologia hepática. O ensaio experimental com animais 
resultou na recuperação de enzimas antioxidantes, redução de citocinas inflamatórias, 
recuperação da resistência a insulina, leptina e adiponectina, e acentuada perda de gordura 
corporal (P<0.05). O tratamento com azeite da polpa ou infusão das folhas do avocado 
Hass em conjunto com a atividade física mostraram eficiência na recuperação dos danos 
causados pela inflamação subclínica. O estudo clínico mostrou que a substituição da 
manteiga (refeição controle- CM) pelo azeite da polpa do avocado Hass (TM) resultou em 
níveis reduzidos de insulina, glicemia, colesterol total, LDL, TAG, inflamação pós-
prandiais (P<0,05) e tendência à melhora da insulina e endotoxemia. A substituição do 
azeite da polpa do avocado Hass em uma refeição hipercalórica-hiperlipídica mostrou-se 
um indicador do potencial de redução de risco do azeite do avocado na aterosclerose, por 
reduzir os fatores de causa, tais como os lipídios, marcadores inflamatórios e a 
endotoxemia nos indivíduos saudáveis com sobrepeso. Os resultados apresentados nessa 
tese reforçam o papel da escolha correta quanto à qualidade dos alimentos e principalmente 
das gorduras, independente da caloria dietética ingerida, sendo os alimentos com bio-
compostos fundamentais para melhora dos marcadores biológicos e promoção e 
manutenção da saúde. 
Palavras-chave: avocado, azeite, polpa, infusão, folhas, ácidos graxos, ácido oléico, 




This study investigated the effects of avocado-oil and leaves infusion of the Hass 
avocado bioactive compounds on the damages caused by the hyperlipid diet. The animal 
model study aimed investigated the treatment of Wistar rats induced to endocrine and 
metabolic disorder through rich lipids diet with fatty acids submitted to treatment with a 
standard diet with pilp-oil or leaves infusion from Hass avocado associated to low 
intensity physical activity. The second study was a conducted cross-over clinical trial 
that aimed to evaluate the impact of two meals with fatty acids with different carbon 
chain (saturated and unsaturated) on postprandial metabolic parameters in healthy and 
over weighted elderly volunteers consuming a hypercaloric-hyperlipidic meal. Were 
analysed endogenous and exogenous antioxidant activity, lipidic profiles, 
lipoperoxidation, anti and pro inflammatory cytokines gene expression, hepatic 
enzymes and glucose homeostasis. The experimental animals assay resulted in the 
antioxidant enzymes recovery, reduction of inflammatory cytokines, enhanced insulin 
resistance, leptin and adiponectin, and emphasized body fat loss (P<0.05). The 
treatment with avocado oil or leaves infusion of the Hass avocado combined with the 
physical activity showed efficiency in the recovery of the damages caused by the meta-
inflammation. The clinical study showed that replacement of butter (control meal) by 
Hass avocado oil (TM) resulted in improvements levels of glycaemia, total cholesterol, 
LDL, TAG, and inflammation CRP and IL-6 postprandial markers (P<0, 05). The 
replacement of Hass avocado oil in a hypercaloric-hyperlipidic meal may be taken as an 
indicator to the risk-reduction potential of avocado-oil in the atherosclerosis, such as 
lipids and inflammatory markers in healthy overweight volunteers. The results 
presented in this thesis reinforce the role of the correct nutrition choice as to the quality 
of foods and especially of fats, regardless of dietary calorie intake, and foods with bio-
composites are fundamental for the improvement of biological markers and health 
promotion. 
Key-words: avocado, pulp, oil, infusion, leaves, fatty acids, oleic acid, flavonoids, 
quercetin, inflammation, liver, adipose tissue. 
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1. Introdução geral 
Obesidade é uma doença crônica caracterizada pelo acúmulo de gordura no 
tecido adiposo e pela inflamação crônica subclínica1. O tecido adiposo apresenta função 
endócrina por excretar e expressar hormônios e citocinas que estão relacionados com o 
controle da fome/saciedade, inflamação e resistência à insulina2. Dentre as 
comorbidades associadas à obesidade a diabetes tipo 2 confere morbidade e mortalidade 
que merecem atenção. De acordo com o relatório da Organização Mundial da Saúde de 
2016, 422 milhões de pessoas em 2014, apresentaram diabetes no mundo, sendo 62 
milhões de pessoas nas regiões da América3.  
Há poucas estratégias públicas concretas destinadas para a prevenção da 
obesidade e diabetes tipo 2.  No entanto, uma das estratégias é a ingestão de compostos 
bioativos em conjunto com uma dieta equilibrada e atividade física que traz benefícios 
adicionais, como: melhora da resistência à insulina4, emagrecimento5 e estabilização da 
pressão arterial6; 7. Essa forma de tratamento e prevenção é conhecida como intervenção 
não-farmacológica8. 
Na medicina popular, latino americana e africana, chás de plantas são usados 
como intervenção não-farmacológica para o controle de doenças associadas à 
obesidade, tais como diabetes e a hipercolesterolemia9. Dentre as plantas medicinais a 
infusão das folhas do abacate apresenta efeito hipoglicemiante, hipocolesterolêmico10, 
hipotensivo11, vasodilatador12, analgésico, anti-inflamatório13, além de apresentar 
propriedades antioxidantes14. Esses efeitos são atribuídos às substâncias bioativas como 
os taninos, saponinas e flavonóides glicosilados9 presentes nas folhas. 
Além do chá, o azeite do abacate apresenta também propriedades que previnem 
e tratam a obesidade e a diabetes tipo 2. Substâncias bioativas como ácidos graxos 
monoinsaturados, vitaminas e fitosteróis, apresentam propriedades anti-inflamatória, 
antiaterogênica, antioxidante, hepatoprotetiva e hipocolesterolêmica15. 
Nesse sentido, o escopo do presente trabalho volta-se ao estudo da recuperação 
dos desequilíbrios endócrinos e comorbidades associados à obesidade, por meio da 
atividade física, dieta equilibrada e compostos bioativos presentes no azeite da polpa e 





 animal e clínico para entender a relação entre os alimentos e os marcadores biológicos 
dentro das complexas relações e alterações ocorridas no sobrepeso e na obesidade 
quando desenvolvida pelo consumo de uma dieta ou refeição rica em gordura.  
 
Referencias 
1 FURLAN, C. P. B.  et al. Conjugated linoleic acid and phytosterols counteract 
obesity induced by high-fat diet. Food Research International, v. 51, n. 1, p. 
429-435,  2013. ISSN 0963-9969. Disponível em: < 
http://www.sciencedirect.com/science/article/pii/S0963996912005467 >.  
2 ADAMCZAK, M.; WIECEK, A. The Adipose Tissue as an Endocrine Organ. 
Seminars in Nephrology, v. 33, n. 1, p. 2-13,  2013. ISSN 0270-9295. 
Disponível em: < 
http://www.sciencedirect.com/science/article/pii/S0270929512002707 >.  
3 ORGANIZATION, W. H. Global report on diabetes.  2016. ISSN 978 92 4 
156525 7 Disponível em: < http://www.who.int/diabetes/en/ >.  
4 PAULI, J. R.  et al. Acute exercise reverses aged-induced impairments in insulin 
signaling in rodent skeletal muscle. Mechanisms of Ageing and Development, 
v. 131, n. 5, p. 323-329,  2010. ISSN 0047-6374. Disponível em: < 
http://www.sciencedirect.com/science/article/pii/S0047637410000643 >.  
5 VARTANIAN, L. R.; WHARTON, C. M.; GREEN, E. B. Appearance vs. health 
motives for exercise and for weight loss. Psychology of Sport and Exercise, v. 
13, n. 3, p. 251-256,  2012. ISSN 1469-0292. Disponível em: < 
http://www.sciencedirect.com/science/article/pii/S1469029211001750 >.  
6 BIAGINI, M.  et al. Blood pressure response to exercise in normotensive young 
men with or without family history of hypertension. American Journal of 
Hypertension, v. 14, n. 4, Supplement 1, p. A201,  2001. ISSN 0895-7061. 
Disponível em: < 





7 NAMI, R.  et al. Aerobic exercise training fails to reduce blood pressure in 
nondipper-type hypertension. American Journal of Hypertension, v. 13, n. 6, 
p. 593-600,  2000. ISSN 0895-7061. Disponível em: < 
http://www.sciencedirect.com/science/article/pii/S0895706199002654 >.  
8 KHAVANDI, K.  et al. Strategies for preventing type 2 diabetes: an update for 
clinicians. Therapeutic advances in chronic disease, v. 4, n. 5, p. 242-261,  
2013. ISSN 2040-6223.   
9 LIMA, C. R.  et al. Anti-diabetic activity of extract from Persea americana Mill. 
leaf via the activation of protein kinase B (PKB/Akt) in streptozotocin-induced 
diabetic rats. Journal of Ethnopharmacology, v. 141, n. 1, p. 517-525,  2012. 
ISSN 0378-8741. Disponível em: < 
http://www.sciencedirect.com/science/article/pii/S0378874112001869 >.  
10 BARTHOLOMEW I.C. BRAI; A.A. ODETOLA; AGOMO, P. U. 
Hypoglycemic and Hypocholesterolemic Potential of Persea americana Leaf 
Extracts. Journal of Medicinal Food, v. 10, n. 2, p. 356-360,  2007.    
11 M. A. OWOLABI; COKER, H. A. B.; JAJA, S. I. Bioactivity of the 
phytoconstituents of the leaves of Persea americana. Journal of Medicinal 
Plants Research v. 4, n. 12, p. 1130–1135,  2010.    
12 OWOLABI, M. A.; JAJA, S. I.; COKER, H. A. B. Vasorelaxant action of 
aqueous extract of the leaves of Persea americana on isolated thoracic rat aorta. 
Fitoterapia, v. 76, n. 6, p. 567-573,  2005. ISSN 0367-326X. Disponível em: < 
http://www.sciencedirect.com/science/article/pii/S0367326X05001139 >.  
13 ADEYEMI, O. O.; OKPO, S. O.; OGUNTI, O. O. Analgesic and anti-
inflammatory effects of the aqueous extract of leaves of Persea americana Mill 
(Lauraceae). Fitoterapia, v. 73, n. 5, p. 375-380,  2002. ISSN 0367-326X. 
Disponível em: < 





14 I BERTLING; TESFAY, S. Z.; BOWER, J. P. Antioxidants in ‘Hass’ avocado. 
SOUTH AFRICAN AVOCADO GROWERS’ ASSOCIATION, v. 30, p. 17-
19,  2007.    
15 BERASATEGI, I.  et al. Stability of avocado oil during heating: Comparative 
study to olive oil. Food Chemistry, v. 132, n. 1, p. 439-446,  2012. ISSN 0308-
8146. Disponível em: < 








Identificar os efeitos do azeite da polpa e da infusão das folhas do avocado da 
variedade Hass no tratamento dos desequilíbrios endócrinos e comorbidades associados 
à obesidade, tais como resistência à insulina, inflamação crônica subclínica e 




1.  Caracterização do azeite e da infusão das folhas do avocado Hass  
a) Azeite do avocado Hass: determinação do perfil dos ácidos graxos, fitosteróis e 
atividade antioxidante. 
b) Infusão das folhas do avocado Hass: determinação do perfil dos compostos 
fenólicos majoritários e atividade antioxidante. 
2. Estudos in vivo 
Modelo animal  
Fatores correlacionados com a obesidade: 
a) Grau da inflamação subclínica: Avaliar por meio das análises de expressão 
gênica (mRNA) da citocina inflamatória: IL-6, e da citocina anti-inflamatória 
IL-10 no fígado e no músculo. Avaliar a inflamação sistêmica por meio do TNF-
α no plasma. 
b) Desordem endócrina: Avaliar o hormônio insulina, IGF-1, leptina e adiponectina 
e realizar o teste de tolerância de glicose (GTT). 
c) Danos hepáticos: avaliar por meio histológico o tecido hepático para verificar 
desenvolvimento e recuperação dos danos causados por uma dieta rica em 





(alanina aminotransferase) no soro dos animais e analisar o funcionamento da 
gliconeogênese por meio do teste de tolerância ao piruvato (PTT).   
d) Perfil lipídico: Investigar os lipídios totais, colesterol total, triglicérides e HDL-
colesterol no soro, fígado e fezes. 
e) Lipoperoxidação: Análisar 8-F2-isoprostana e malondialdeído no soro e fígado. 
f) Atividade das enzimas do estresse oxidativo: analisar glutationa total (GSH), 
glutationa peroxidase (GPx), glutationa redutase (GRd) e superóxido dismutase 
(SOD) no soro, fígado e músculo. 
g) Ingestão dietética, peso corporal e hepático: verificar a alteração do peso dos 
animais e do consumo dietético e hídrico durante o período experimental, peso 
dos tecidos adiposos (epididimal e retroperitoneal), hepático e muscular 
(gastroquinemio e soleum).  
Modelo clínico 
a) Efeitos na inflamação pós prandial: analisar marcadores pró-inflamatórios (CRP, 
IL-6) e de endotoxemia (LBP/sCD14) .  
b) Perfil lipídico pós prandial: analisar o perfil lipídico (colesterol total, 
triglicerídeos, LDL-colesterol e HDL colesterol) dos voluntários após consumo 









































1. Epidemiologia da Obesidade 
 
Sobrepeso e obesidade são definidos como acúmulo de gordura anormal ou 
excessiva, que desencadeiam efeitos deletérios a saúde. Para classificar sobrepeso e 
obesidade em adultos é utilizado o índice de massa corporal (IMC). Classifica-se 
sobrepeso quando o IMC é maior ou igual a 25 kg/m2 e obesidade quando o índice é 
maior ou igual a 30 kg/m2, 1. 
Associada a um grande número de doenças, a obesidade, está diretamente 
relacionada ao desenvolvimento de desordens metabólicas e endócrinas que apresentam 
consequências graves como a resistência periférica a insulina, diabetes tipo 2, esteatose 
hepática não alcoólica e risco cardiometabólico2. 
A complexa interação entre meio ambiente, predisposição genética, e o 
comportamento humano torna difícil o desenvolvimento de políticas publicas focadas 
na prevenção e tratamento3 para a obesidade. Os principais contribuintes para a 
epidemia mundial dessa doença são a excessiva ingestão calórica e baixo gasto 
energético ou sedentarismo4; 5, poluição6, fumo e álcool, nível de educação, o apelativo 
marketing relacionado aos alimentos industrializados e açucarados1; 7 e a substituição de 
gorduras insaturadas por saturadas8. 
Entre 1980 e 2014 o sobrepeso e a obesidade aumentaram em todas as regiões 
do mundo, sendo considerada, pela Organização Mundial da Saúde, um grande risco 
para a saúde pública, e responsável pela morte de mais de 2,8 milhões de pessoas em 
todo o mundo. Em 2012, a prevalência, nas Américas, de sobrepeso e obesidade em 
indivíduos de ambos os sexos foi de 62% e 26%, respectivamente9. Em 2014 nas 
Americas, 62,8% dos homens e 59,8% das mulheres estavam acima do peso8.  
Em países em desenvolvimento 10 milhões de crianças já apresentam sobrepeso 
contra o triplo desse número de crianças em países desenvolvidos. A obesidade infantil 
está associada ao aumento de riscos futuros, como dificuldades respiratórias, aumento 
do risco de fraturas, hipertensão, doenças cardiovasculares precoces, resistência à 





Adicionalmente, os gastos públicos com à obesidade e sobrepeso custaram em 
média no ano de 2002 para os Estado Unidos 92,6 bilhões de dólares, o que equivale a 
9% das despesas de saúde no país4. No Brasil, de 2008 a 2010, os custos estimados para 
o Sistema Único de Saúde foram de 2,1 bilhões de dólares, 1,4 bilhões de dólares com 
hospitalizações e 679 milhões de dólares com procedimentos ambulatoriais.  
De acordo com o relatório de 2016 da OMS, 1,7 trilhões de dólares de 2011 até 
2030 serão gastos com a diabetes tipo 2 e suas complicações na saúde8. Esses dados 
confirmam que o sobrepeso e a obesidade oneram a economia do sistema de saúde e da 
sociedade10. 
2. Inflamação e resistência à insulina na obesidade. 
Os sinais intracelulares da sinalização da insulina para captação da glicose 
ocorrem primeiramente com o acoplamento deste hormmonio no seu receptor (IR), que 
apresenta duas subunidades α e duas subunidades β. O acoplamento gera uma mudança 
conformacional no IR e a auto-fosforilação em tirosina da subunidade β, que transmite 
um sinal em direção aos substratos do receptor de insulina 1 (IRS-1) e IRS-2. Ambos 
fosforilam em tirosina e promovem a associação e ativação da fosfatidilinositol 3-
quinase (PI3-k). A ativação dessa ultima proteína permite a fosforilação em serina 473 e 
treonina 308 da proteína quinase B (Akt), que estimula a translocação do transportador 
de glicose 4  (GLUT-4) até a membrana da célula e assim ocorre a captação da glicose 
(Figura 1). Além disso, a ativação da Akt inibe a gliconeogênese, promove síntese de 
glicogênio e síntese de proteínas e lipídios11.  
O tecido adiposo é um órgão endócrino que produz adipocinas diretamente 
relacionadas com a inflamação nos demais tecidos, de modo a contribuir com o aumento 
da resistência à insulina, característico nos casos de obesidade. Dentre as adipocinas, o 
fator de necrose tumoral alfa (TNF-α), age na fosforilação do IRS-1 em resíduos de 
serina. A fosforilação em serina produz efeito negativo na sinalização do IRS-1 com a 
subunidade β do IR prejudicando a sinalização da insulina e assim, diminuindo a 







Figura 1. Sinalização da insulina. Acoplamento da insulina no seu receptor IRα e IRβ, 
desencadeando o processo de sinalização para captação de glicose. IRS-1 e IRS-2: 
receptores de insulina; P: fosforilação; PI3-q: fosfatidilinositol 3-quinase; Akt: proteína 
quinase B, GLUT-4: transportador de glicose 4. Figura adaptada de Pauli, Cintra et al. 
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Além disso, o TNF-α ativa fortemente o fator nuclear kappa B (NF-kB). O NF-
kβ é um heterodímero composto pelas proteínas p50(RelB) e p65(RelA), e ambas estão 
associadas a proteína inibidora nuclear factor of kappa light polypeptide gene enhancer 
in B-cells inhibitor, alpha (IκBα)14. A fosforilação em serina do IRS-1 pelo TNF-α 
promove a fosforilação do IκBα, liberando as proteínas p50 e p65 que migram até o 
núcleo da célula e transcrevem proteínas inflamatórias, que prejudicam a sinalização da 
insulina por fosforilarem o IRs em serina47315. No entanto, como um mecanismo de 
defesa, há a indução da interleucina anti-inflamatória 10 (IL-10) pelo próprio TNF-α, o 
que representa um efeito contra-regulador e limita a ação pró-inflamatória da própria 
TNF-α16 (Figura 2). 
A presença de NF-kB, no núcleo do tecido adiposo e fígado, desencadeia a 
transcrição de citocinas inflamatórias, dentre elas a interleucina 6 (IL-6). Na obesidade a 





2 e com ácidos graxos livres no plasma. Em suma, a IL-6 influencia na sinalização da 
insulina no tecido adiposo, e no fígado por desencadear a sinalização da proteína 
supressora da sinalização de citocinas 3 (SOCS3), pela via JAK/STAT, que prejudica a 




Figura 2. Sinalização da insulina com prejuízo do seu sinal pela à presença da 
citocina inflamatória TNF-α.  IRS-1 e IRS-2: receptores de insulina; P: fosforilação; 
PI3-q: fosfatidilinositol 3-quinase.Akt: proteína quinase B.TNF-R: receptor de TNF-α; 
IKKs:  enzima  IκB kinase; IKBα: factor of kappa light polypeptide gene enhancer in B-
cells inhibitor alfa; NF-κB: factor nuclear kappa B. Figura adaptada de Cintra, Ropelle 
et al.18  
As citocinas IL-6 e TNF-α também são responsáveis pela ativação e aumento da 
expressão, no tecido adiposo, da proteína quimiotática de monócitos-1 (MCP-1) que 
tem papel na indução crônica inflamatória por ser responsável pela infiltração de 
macrófagos, recrutamento de monócitos e linfócitos células T regulatórias (CD4+Tregs) e 





Os linfócitos CD8+T ativam os macrófagos do tecido adiposo (ATMs). Esses 
últimos, diferenciam-se em macrófagos do tipo 1 (M1s) e tipo 2 (M2s). O primeiro é 
característico por secretar citocinas inflamatórias, já o segundo por secretar citocinas 
anti-inflamatórias. Na obesidade, ocorre principalmente em humanos, a presença de 
M1s e M2s no tecido adiposo. Já os linfócitos CD4+Tregs promovem um equilíbrio anti-
inflamatório no tecido adiposo com recrutamento de IL-10 no local, e promove redução 
da ação de TNF-α e IL-6.  No entanto, pelo acúmulo constante de triglicérides nos 
tecidos adiposos, no sobrepeso e obesidade, o sistema de defesa não consegue manter o 
equilíbrio, a inflamação crônica permanece e ocorre a resistência a insulina20. 
O aumento da MCP-1 plasmática em humanos obesos e diabéticos agrava a 
infiltração de macrófagos no tecido adiposo (Figura 3)21.  
 
 
Figura 3. Processo de desenvolvimento inflamatório no desenvolvimento da 
obesidade. A resistência à insulina desenvolve-se pela presença constante de citocinas 
inflamatórias IL-6 e TNF-α, que aumentam a expressão da MCP-1, responsável pela 





regulatórias; CD8+T: grupo glicoproteico de diferenciação 8; M1: macrófagos do tipo 1; 
M2: macrófagos do tipo 2. 
 
Os macrófagos são responsáveis pela expressão de MCP-1 e quando presentes 
nas células adiposas, mais MCP-1 será expressa, tornando esse processo um ciclo 
vicioso22. Essa intensificação da via inflamatória, por esse mecanismo, tornou a MCP-1 
uma das proteínas responsáveis pela inibição da captação de glicose insulino-
dependente19. 
3.  Endotoxemia metabólica e ácidos graxos saturados 
Endotoxemia é o nome dado ao processo inflamatório desencadeado pelas 
endotoxinas de bactérias Gram-negativas presentes na microbiota intestinal. Essas 
endotoxinas são conhecidas como lipopolissacarídeos (LPS) que são biomoléculas 
constituintes da parece celular dessas bactérias23. A endotoxemia metabólica está 
relacionada com a inflamação desencadeada pelos LPS na obesidade e que gera a 
resistência a insulina24. 
A ativação da inflamação pelos LPS ocorre via receptores celulares do tipo Toll 
(TLR), que desencadeia a cascata de sinalização do IKK e JNK. Os ácidos graxos 
saturados, tais como o ácido palmítico, láurico, mirístico e esteárico25, também ativam 
os TLRs, sendo responsáveis pelo intermédio da resposta inflamatória que prejudica a 
sinalização de insulina11; 13.   
Na literatura, encontramos algumas hipóteses para o processo de 
desencadeamento inflamatório relacionado aos ácidos graxos saturados e LPS e 
sumarizado na Figura 4. A primeira hipótese é que a alta ingestão de gordura esta 
relacionada com a modificação da microbiota intestinal, que gera uma superprodução de 
LPS que se ligam naturalmente aos TLR-4 presentes nos enterócitos26; 27. A segunda, é 
que o alto consumo de gordura ou de AGS promovem alteração da permeabilidade das 
células do intestino por meio das tigh junctions28, permitindo a passagem dos LPS para 
o meio intracelular (leaky gut) que podem se ligar aos macrófagos ativando os TLRs29, 





corrente sanguínea podem se ligarem aos TLRs presentes nas demais membranas 
celulares30.   
A quarta é que os AGS podem se conectar com o CD14 e ativar o complexo de 
sinalização celular inflamatória CD14-TLR-4-MD2, semelhante ao processo de ligação 
do LPS26; 27.  A quinta hipótese é que o alto consumo de AGS aumenta a lipemia e a 
LDL-oxidada que esta envolvida na ativação da via inflamatória CD14-TLR-4-MD2. 
Essas moléculas podem induzir o TLR-4-MyD88-dependente e/ou outras vias 
independentes que promovem a expressão de fatores de transcrição pró-inflamatórios, 
como o NF-kB, que apresenta papel crucial na indução de mediadores inflamatórios31. 
Por ultimo, a endotoxemia metabólica também esta associada a problemas 
cardiovasculares, pois leva a um estresse oxidativo produzindo lipídios aterogênicos, 
LDL e fosfolípides oxidados, que desencadeiam o complexo CD36-TLR-4-TLR-6 com 
ativação da resposta inflamatória24; 26. 
Assim ambas as respostas, inflamatória desencadeada pelos AGS, ou endotoxica 
desencadeada pelos LPS, crônicas e de baixo grau, são responsáveis pela disfunção 







Figura 4. Permeabilidade intestinal. (A) Os ácidos graxos saturados (AGS) podem 
alterar a permeabilidade dos enterócitos e provocar a passagem dos lipopólisacarídeos 
de bactérias Gram+ (LPS) para a corrente sanguínea. (B) Ambos, AGS e LPS se ligam 
ao mesmo receptor celular do tipo Toll (TLR) iniciando uma cascata de sinalização 
inflamatória que provoca disfunção mitocondrial gerando danos no sistema anti-
oxidante.  
4.  Metabolismo hepático e doença hepática gordurosa não 
alcoólica  
A doença hepática gordurosa não alcoólica (DHGNA) pode ser considerada a 
manifestação hepática do risco cardiometabólico e é particularmente associada com a 
resistência à insulina, obesidade e anormalidades do metabolismo da glicose e dos 
lipídios35. Um estudo de meta-análise global realizado por  Younossi, Koenig et al. 36 
mostra que 51,34% dos obesos e 22,51% dos diabéticos apresentam DHGNA. 
Considerada a maior contribuinte, para mortalidade e morbidade, a DHGNA 





fibrose e cirrose são as últimas etapas para o surgimento do hepatocarcinoma (figura 4). 
O grau de disfunção hepática pode ser determinado pela medição das enzimas hepáticas 
(alanina e aspartato transaminase), por histologia35; 37 e pelo excedente de lipídios em 
5% do peso do fígado38. 
Dentre as funções do fígado, o equilíbrio entre glicose plasmática e estado 
nutricional, é a principal. No sobrepeso e obesidade ocorre excesso de energia ingerida 
e essa energia em forma de glicose é convertida em ácidos graxos para armazenamento. 
A glicose é convertida em piruvato e entra no ciclo de Krebs no interior da mitocôndria. 
Nesse processo, o citrato formado é enviado para o citoplasma e ocorre a conversão em 
acetil-CoA pela ATP-citrato lipase. Nesse estágio, a acetil-CoA carboxilase-1 (ACC1) 
converte a acetil-CoA em malonil-CoA e a enzima ácido graxo sintase transforma o 
malonil em ácido palmítico (C16:0). O ácido palmítico é dessaturado pela esteaoril-
CoA dessaturase e é formado o ácido palmitoléico (C16:1) que é alongado pela enzima 
alongadora de ácidos graxos de cadeia longa para formar o ácido esteárico (C18:0) que 
também sofre o processo de dessaturação e forma-se o ácido oléico (C18:1). Esse 
processo ocorre para a síntese de triglicérides, que podem ser facilmente estocados 
nessa estrutura para posterior transporte ou fonte primária de energia39.  
Na EHNA há o acumulo de ácido graxo oléico, pois é o produto final da síntese 
de novo de ácidos graxos. Assim, em indivíduos com resistência à insulina hepática esse 
ácido graxo específico está aumentado40.  
A apolipoproteína B (Apo B) é sintetizada a partir da presença de ácidos graxos 
e triglicérides no fígado, assim, quanto mais lipídios, maior é a produção da Apo B e da 
lipoproteína de muita baixa densidade (VLDL), até mesmo na RI. No entanto, antes que 
aconteça a RI, há a hiperinsulinemia associada ao elevado fluxo de lipídios no fígado 
resultando em um desequilíbrio na demanda da produção de Apo B. A insulina estimula 
a Proteína 1c ligadora do elemento regulatório de esterol (SREBP-1c), responsável pela 
ativação e transcrição de vários genes que codificam enzimas responsáveis pela síntese 







Figura 5. Processo de comprometimento hepático na obesidade e diabetes tipo 2.O 
acumulo de triglicérides é a primeira etapa para a esteatose hepática, em seguida o 
aumento de ácidos graxos e triglicérides no fígado desencadeiam processo inflamatório 
com a presença de citocinas inflamatórias como a IL-6 caracterizando a segunda etapa 
denominada esteatohepatite não alcoólica (EHNA). Quando a doença não é tratada, 
inicia-se a formação de fibrose devido a morte celular e quando esse estado é crônico 
ocorre a cirrose hepática e comprometimento da funcionalidade celular com finalização 
pelo surgimento do hepatocarcinoma. 
  
 Além disso, parece haver relação direta entre a síntese de novo de ácidos graxos 
e o estresse de reticulo endoplasmático nos hepatócitos contribuindo para a inflamação e 
desenvolvimento da EHNA42. Assim, a elevada presença de ácidos graxos leva ao 
armazenamento de triglicérides no fígado43. 
Na primeira etapa do desenvolvimento da EHNA ocorre o acúmulo hepático de 





adiponectina e leptina, que estão relacionados com o aumento da ingestão dietética, 
gasto energético e armazenamento de lipídios no tecido adiposo, mas que contribuem 
para o surgimento da EHNA44. 
Na segunda etapa do desenvolvimento da doença há o aumento do estresse 
oxidativo promovido pela alteração no metabolismo de glicose e lipídeos, que estão 
relacionados à disfunção mitocondrial, provocada pela lipotoxicidade e glicotoxicidade 
celular, responsáveis pela indução e produção de citocinas inflamatórias no fígado. 
Subsequentemente ocorre à produção de lipoperoxidação e aumento de espécies reativas 
de oxigênio (ROS)45. 
As membranas da mitocôndria são vulneráveis às ROS produzidas pela 
lipoperoxidação o que causa danos como necrose celular e apoptose. Os produtos da 
lipoperoxidação, como o malondialdeído (MDA) e ou 4-hidroxinonenal (produto da 
oxidação dos ácidos graxos poliinsaturados ômega 6, como o ácido araquidônico e 
linoléico), causam disfunção imunológica nas células do fígado levando a fibrose 
hepática. A mitocôndria re-oxida NADH e FADH2 em NAD
+ e FAD pela cadeia de 
transporte de elétrons, produzindo água e elétrons que reagem com os radicais 
superóxidos, sendo posteriormente dismutados pela superóxido dismutase (SOD). A 
glutationa peroxidase (GPx) converte peróxido de hidrogênio a água utilizando 
glutationa reduzida endógena,  no entanto com a disfunção mitocondrial, essa 
capacidade torna-se prejudicada e há a redução da capacidade oxidativa mitocondrial. 
Essa disfunção oxidativa, associada a disfunção da β-oxidação agrava o acúmulo de 
lipídio nos parênquimas hepático e o desenvolvimento de EHNA é aumentada38.    
Por outro lado, os ácidos graxos poliinsaturados de cadeia longa (AGPCL) e 
precursores (18:3n3, 20:4n6 e 18:2n6) inibem as proteínas SREBP-1 e proteína ligadora 
do elemento responsivo do carboidrato (ChREBP), provocando redução da expressão 
dos genes da lipogênese e inibindo a esteatose hepática. Nessas condições, os AGPCL 
atuam na ativação dos receptores ativados por proliferador de peroxissomos alfa 
(PPARα)  no fígado que é responsável pela inativação das proteínas NF-kβ e a proteína 
ativadora 1 (AP-1), bloqueando a inflamação, a síntese de proteínas quimiotáticas como 
a MCP-1 e fatores apoptóticos como a proteína p53. Além disso, os AGCL atuam no 





associados à modulação do gene de transcrição do GLUT-4, o que promove não apenas 
a melhora do metabolismo de lipídios como também de glicose46. 
5. Atividade física, inflamação e resistência a insulina. 
 O treinamento físico pode diminuir os níveis basais de citocinas que 
desempenham papel negativo no metabolismo da glicose e lipídios. A oxidação lipídica 
no músculo ocorre por meio da ativação da proteína cinase ativada por AMP (AMPK), 
que na obesidade está reduzida. AMPK pode ser ativada pelos hormônios leptina e 
adiponectina, além da atividade física e quando há dispêndio de energia (AMP:ATP)47.  
Estudos com roedores demonstraram que a atividade física ativa seletivamente 
cascatas de sinalização associadas à biogênese mitocondrial, como a AMPK 48, além de 
secretar IL-1, IL-6 e IL-10 que durante o exercício de endurance é responsável por 
inibir a ação do TNF-α, e também atua endocrinamente participando da liberação de 
ácidos graxos pelo tecido adiposo para posterior oxidação no músculo esquelético49. 
A contração muscular promove o aumento da razão da concentração de 
AMP/ATP e do aumento intracelular de concentração de cálcio (Ca2+), que ativa 
algumas proteínas cinases, dentre elas a Akt, a Ca2+/calmodulin kinase kinase alfa 
(CaMKKα) e talvez a proteína kinase C (PKC)50. Essas proteínas quinases fosforilam a 
fosfoproteína 160-kDa (AS160), que modula a etapa de translocação do GLUT-4 (figura 
5)51; 52. Dessa forma, pode-se inferir que a melhora da sensibilidade à insulina nos 
animais obesos exercitados esteja também associada à melhora da capacidade oxidativa 
muscular48. 
Grande parte da melhora da sinalização de insulina promovida pelo exercício é 
devido à resposta anti-inflamatória observada nas horas que sucedem a atividade física. 
Inicialmente há o aumento da expressão da IL-6 por meio da contração muscular. Logo 
em seguida, há o aumento dos níveis de proteínas anti-inflamatórias como o receptor 
solúvel de TNF (TNFsr), o antagonista do receptor de IL-1 e principalmente a expressão 
de IL-10. Esse processo promove a supressão do processo inflamatório crônico 







Figura 6. Sinalização de captação de glicose no músculo por estimulo do exercício.  
Ca: cálcio; ATP: adenosina trifosfato; AMP: adenosina monofosfato; AMPK: proteína 
quinase ativada por AMP; CaMKKα: Ca2+/calmodulin kinase kinase alfa; AS160: 
fosfoproteína 160-kDa; Akt: proteína quinase B, GLUT-4: transportador de glicose 4. 
 
Além disso, o exercício inibe a atividade de algumas proteínas intracelulares no 
músculo, que prejudicam a sinalização da insulina como a JNK, IKK, iNOS e PTP-1B, 
independente da perda de peso13. Em conjunto, ocorre também a inibição da SREBP-1c 
por meio da sinalização de AMPK/mTOR/S6K1, o que resulta na diminuição 
intracelular de acumulo de lipídios no músculo54, promovendo melhora no quadro 
inflamatório local.  
 No fígado, a AMPK é também estimulada pela atividade física, promovendo 
melhora quando há EHNA. A perda de peso e alteração do estilo de vida como mudança 
na dieta e pratica constante de atividade física são recomendadas como primeiro 
tratamento para pacientes com EHNA55.  
Quando ativada no fígado pela atividade física, a AMPK promove a expressão 
da fosfoenolpiruvato carboxicinase (PEPCK) e glicose-6-fosfatase, duas enzimas 





Forkhead box protein O1(Foxo-1) e da peroxisome proliferator-activated receptor 
gamma coactivator 1-alpha (PGC-1α) importantes reguladores e supressores da 
gliconeogênese hepática56. Além disso, AMPK parece inibir a Lipase Hormônio 
Sensível (LHS), enzima fundamental, que controla a lipólise. Em roedores, a atividade 
física promove a ativação da AMPK no fígado e também no tecido adiposo intra-
abdominal, pelo aumento da proporção de AMP/ATP. Esse processo reflete no aumento 
da energia pela gliconeogênese, a partir da oxidação de ácidos graxos, promovendo 
melhora na EHNA e melhor da glicemia por meio da translocação do GLUT-4 para a 
membrana da célula 57; 58. 
6 Bio-compostos presentes nos alimentos e benefícios à saúde.  
 Muitos estudos apresentam o efeito potencial dos alimentos e seus bio-
compostos na prevenção e tratamento das comorbidades associadas à obesidade por 
apresentarem ação antiinflamatória, anti-oxidante, cardio-protetora e anticancerígena59; 
60.  
 Dentre as classes do grupo dos polifenóis, os flavonóides apresentam inúmeros 
compostos, dentre eles a epicatequina-galato (EGCG), pertencente a subclasse dos 
flavonóis pode ser encontrada em abundância no chá verde61. Já a quercetina, está 
amplamente presente em fontes vegetais, como cebola, maçã, brócolis e alface. Ambos 
bio-compostos agem na redução da expressão gênica e da produção de TNF-α e 
modulação da fosforilação do IkB impedindo a liberação do NF-kB para o núcleo59.  
 O resveratrol, curcumina e a capsaisina, são polifenóis da classe dos estilbenos, 
curcuminoides e capsaicionóides respectivamente.  O resveratrol é encontrado nas uvas 
roxas, mirtilos e amendoim. Já a curcumina é encontrada na raiz da cúrcuma e a 
capsaicina nas pimentas. Esses compostos apresentam efeito protetor na barreia 
intestinal impedindo passagem de LPS para a corrente sanguínea62.  Além de 
apresentarem ação antioxidante, antiinflamatória, cardio-protetora e ação 
anticancerígena63; 64; 65.  
  Outro polifenol, o ácido cinamico, presente na canela, também apresenta efeito 





reduzir a expressão de TNF-α66. Alguns estudos já apresentaram diversos efeitos 
benéficos que a canela pode trazer à saúde, tais como anti-inflamatório, anti-diabético e 
cardioprotetor67.  
 No grupo dos organosulfurados, podemos encontrar os benefícios da alicina, 
composto ambundante no alho. A alicina apresenta potente ação anti-oxidante, anti-
inflamatório, anticancerígena, neuroprotetora e cardioprotetora68. Os compostos 
presentes no alho também impedem a translocação do NF-kB e reduzem a expressão de 
TNF-α69.  
 Além dos polifenóis e organosulfurados, os ácidos graxos insaturados e 
fitosteróis são outros grupos de bio-compostos que agem em benefício a saúde e 
reduzem os efeitos deletérios da obesidade e meta-inflamação.  Os ácidos graxos 
insaturados, como o omega-3 ácido docosahexaenoico (DHA), agem na redução da 
gordura corporal reduzindo o processo inflamatório70. O omega-9, principalmente o 
ácido oléico, já apresentou efeito antinflamatório e antidiabético33. Já os fitosteróis são 
compostos encontrados em azeites, castanhas e nozes e apresentam efeito anti-
inflamatório e principalmente anticarcerígeno71. 
7 Azeite da polpa e Infusão das folhas do Avocado Hass. 
 Dentre tantos alimentos com propriedades bioativas, o presente trabalho optou 
pela escolha do azeite da polpa e infusão das folhas do avocado Hass, pelo pouco estudo 
reportado na literatura científica e por serem produtos novos no mercado brasileiro e 
mundial. Os bio-compostos desses alimentos e os efeitos na saúde serão abordados em 
seguida. 
7.1 Azeite da polpa do avocado Hass 
 O fruto abacate (Persea americana) teve sua origem no México Central e 
América do Sul sendo o primeiro cultivo no ano de 500 a.C. no México. A produção em 
escala ocorreu em 1970 pela indústria dos Estados Unidos, Califórnia, onde surgiu o 
primeiro cultivo de variedade do fruto conhecido como abacate Hass 72. O Brasil foi 






 O primeiro estudo que aponta os efeitos do abacate na saúde, como controle de 
peso e colesterol, foi de 1960 na Califórnia. Estudos posteriores apontaram os mesmos 
benefícios com melhora na qualidade de vida de pacientes com doenças como diabetes 
tipo 2 e dislipidemias72.  
No entanto, para o azeite do abacate as pesquisas publicadas sobre os benefícios 
para a saúde ainda são limitadas, pois a produção, comercialização e marketing do 
azeite se iniciaram no século XXI. Sendo assim, o azeite de abacate prensado a frio é 
relativamente novo na culinária, e seu volume de produção é pequeno quando 
comparado com os demais óleos e azeites. Os países produtores de azeite do abacate 
hoje são Nova Zelândia, México, Chile, Estados Unidos e África do Sul74.  
 Esse azeite possui características semelhantes ao azeite de oliva por apresentar 
quantidade importante de acido oléico e fitosteróis. No estudo comparativo de 
Berasategi et. al, (2012) a quantidade de fitosteróis no azeite da polpa do abacate é em 
média 339,64 mg de esteróis/100 g de óleo o que representa duas vezes mais fitosterol 
do que no azeite de oliva74.  
Por apresentar grande quantidade de ácidos graxos monoinsaturados e polifenóis 
a suplementação com o azeite do abacate promove redução de marcadores da 
peroxidação lipídica e da carboxilação na mitocondria das células, promovendo 
benefícios cardiovasculares72;75. Os ácidos graxos monoinsaturados e fitosteróis 
presentes no azeite de abacate estão associados também com a perda de peso, redução 
da concentração lipídica no sangue, e redução dos riscos cardiovasculares em curto 
período de tempo (oito semanas, em indivíduos com sobrepeso)76.  
Esses benefícios podem ainda estar associados com a presença dos fitosteróis, 
pois apresentam atividade biológica importante como a redução da absorção de 
colesterol dietético quando no intestino. Isso ocorre porque os fitosteróis apresentam 
estruturas químicas semelhantes ao do colesterol.  Assim, quando juntos no lúmen 
intestinal, os fistosteróis, por serem também mais hidrofóbicos, ficam retidos na 
estrutura micelar, enquanto que o colesterol, que não é degradado em éster de 
colesterila, acaba perdendo seu lugar na estrutura e por não ser absorvido é eliminado 





A absorção dos fitosteróis é regulada pelas Proteínas de transporte de 
cassetes de ligação de ATP subfamília G, membro 5  (ABCG5) e ABCG8, as quais se 
unem para proporcionar um transporte heterodinâmico capaz de levar os fitosteróis até a 
membrana plasmática e intracelular do Complexo de Golgi dos enterócitos. Esses 
transportadores parecem apresentar uma preferência pelos esteróis das plantas, apesar 
de transportarem também o colesterol, de volta para o lúmen intestinal 77. 
No eixo intestino-fígado, os fitosteróis, parecem agir no aumento da 
expressão do Proteína de transporte A1 contendo cassetes de ligação de ATP (ABCA1), 
pelo receptor X agonista do fígado (LXR), que é responsável pela ativação da expressão 
das proteínas ABC78. O receptor LXR tem função central no controle da transcrição do 
metabolismo de lipídios e uma vez ativado atua na absorção do colesterol, efluxo, 
transporte e excreção, além de agir no processo inflamatório e imunológico79; 80. 
Por outro lado, o LXR é o regulador direto no fígado da expressão de genes que 
envolvem a lipogênese hepática. Ele ainda pode estar associado ao SREBP-1 e ChREBP 
o que pode agravar a esteatose hepática em pacientes com sobrepeso e obesidade, apesar 
de influenciar no bloqueio da inflamação (figura 7)81 . 
No entanto, as propriedades benéficas do fitosterol estão relacionadas com a 
redução da aterogênese. Animais suplementados com fitosteróis, em conjunto com 
ácidos graxos monoinsaturados como o Omega-3, apresentaram elevada concentração 
de IL-10 circulante pela redução da LDL-colesterol e redução de 11% de IL-6 e de 10% 








Figura 7. Mecanismo de ação do LXR na primeira e segunda etapa do 
desenvolvimento da EHNA.  LXR é um regulador central da lipogênese hepática e está 
fortemente envolvido no desenvolvimento de esteatose. Ele controla o SREBP-1c e 
ChREBP que estão envolvidos na lipogênese hepática potencializando o acúmulo de 
triglicérides no fígado e o desencadeamento da primeira etapa da doença. O LXR, por 
meio do controle da expressão dos genes ABCG5/8 e ABCG1, está envolvido na 
degradação e transporte de colesterol e ésteres como o fitosterol, tornando-se 
diretamente envolvido no mecanismo de proteção hepático por retirar o colesterol do 
fígado diminuindo os efeitos da inflamação (representado na figura pela citocina 
inflamatória IL-6), limitando o desenvolvimento da EHNA. LXR: receptor X agonista 
do fígado; ChREBP: Protein ligadora do elemento responsivo ao carboidrato; SREBP-1: 
Proteína 1c ligadora do elemento regulatório de esterol; HDL: lipoproteína de alta 
densidade; TG: triglicérides; IL-6: interleucina-6; EHNA: esteatose hepática não 
alcoólica; ABCA1:  Proteína de transporte A1 contendo cassetes de ligação de ATP; 





5; ABCG8: Proteínas de transporte de cassetes de ligação de ATP subfamília G, 
membro 8.  
 
7.2 Infusão das folhas do avocado Hass 
 O governo brasileiro apresenta uma relação de 71 espécies de plantas 
medicinais84, que são de interesse para o sistema de saúde para o tratamento de doenças 
devido ao uso tradicional e cultural85. Os critérios para seleção dessas plantas foram 
baseados em etnofarmacologia e estudos pré-clínicos e clínicos86.  
A utilização de chás e extratos das plantas como alternativa para a medicina 
convencional cresce em todo o mundo e dentre as causas desse crescimento está o valor 
acessível, baixa ou nenhuma toxicidade quando comparado com os medicamentos e por 
apresentarem poucos efeitos adversos. A folha do abacate é uma dessas plantas 
encontradas na medicina popular e convencional87.  
 O extrato da folha do abacate apresenta efeitos benéficos à saúde como efeito 
hipoglicemiante e hipocolesterolêmico87, vasodilatador88, hepatoprotetivo89, anti-
inflamatório90 e antioxidante91. Todos esses efeitos colaboram para melhora do quadro 
diabético, aterosclerótico e risco cardiometabólico87. 
 Os efeitos benéficos para a saúde de produtos derivados de plantas têm sido 
amplamente atribuídos aos compostos fenólicos. Dentre as subclasses dos polifenóis, os 
flavonóides são um dos mais relevantes, pois a concentração desses compostos, bem 
como as atividades biológicas exercidas por eles, podem indicar o potencial 
terapêutico92; 93; 94 
 A variação da quantidade de flavonóides nas plantas está relacionada não apenas 
com a radiação solar, mas também com as condições climáticas, qualidade do solo e a 
adaptação genética95; 96; 97; 98. A influência desses fatores na biossíntese de flavonóides é 
o motivo que explica as variações do potencial antioxidante e a atividade biológica de 
cada planta93.  
 Os polifenóis exercem efeito antidiabético por aumentar a atividade da 





regulação da homeostase da glicose, por suprimir a gliconeogênese. Além desse 
benefício, os polifenóis podem atuar na proteção dos efeitos da glicotoxicidade nas 
células β-pancreáticas e melhorar a produção de insulina99. Esse aumento da produção 
de insulina foi previamente apresentado em ratos diabéticos que ingeriram o extrato da 
folha de abacate. Eles apresentaram também redução da glicemia pela melhora da 
translocação do GLUT-4 pelo aumento da ativação da Akt tanto no fígado quanto no 
músculo86.  
 Outros estudos relatam que a quercetina, presente no extrato da folha de abacate, 
atua na redução do processo inflamatório pela redução da fosforilação da JNK, 
promovendo melhora da produção de insulina. Em conjunto, ela atua sobre a regulação 
positiva da AMPK, a qual, ativada fosforila a ACC e inibe a adipogênese. Em adição, a 
inibição da adipogênese ocorre concomitantemente com a apoptose das células pré-
adiposas, confirmado esse mecanismo pelo aumento da expressão das proteínas atuantes 
na apoptose, como a caspase-3 e caspase-9 100.   
 A quercetina também influencia na ativação e transcrição dos genes que 
codificam a síntese e metabolismo da glutationa endógena, promovendo melhora da 
ação das enzimas do estresse oxidativo, resultando na redução de ROS e expressão de 
NFκB e TNF-α; configurando efeito protetor no fígado101. No entanto, parece que a AP-
1 e o NFκB influenciam negativamente na ativação da transcrição da glutationa 
endógena, porém não há estudos confirmando o mecanismo de sinalização da AP-1 e do 
NFκB nesse processo102.  
 O tratamento de animais obesos com dieta que contenham compostos bioativos 
que inibem a ação da JNK promove a melhora da sinalização da via da insulina por 
fosforilar em serina os IRs, reduzindo assim os efeitos deletérios da dieta rica em 
gordura saturada sobre o hipotálamo – melhorando a saciedade – e sobre o ganho de 
peso de forma indireta102; 103. 
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Abstract: Benefits of avocado oil fraction and leaves for a human healthy diet are evidenced by 
bioactive compounds and its antioxidant capacity. In this study, we have performed a comprehensive 
evaluation of bioactives from Hass avocado oil fraction and leaves. Hass avocado oil showed high 
content of healthy bio-compounds. Fatty acids profile showed high oleic acid content (GC) and 
palmitic-linoleic-oleic acid was the major TAG (EASI(+)-MS). β-Sitosterol+sitostanol was the 
phytosterol found in highest concentrations (CG) and a total sterols 522.13±0.15 mg 100g-1. α-
Thocopherol content (HPLC-DAD) was 11.56±0.01 mg 100g-1 and antioxidant capacity (lipophilic-
ORAC) 13.25±0.89 μmol TE g-1. On the other hand, Hass avocado leaves showed great amounts of 
phenolic compounds: quercetin, (+)-catechin and (-)-epicatechin (HPLC-DAD). Hass avocado leaves 
demonstrated antioxidant capacity (FRAP, DPPH and hydrophilic-ORAC), with strong correlation 
between FRAP and total flavonoids content. Hass avocado oil and leaves can be a great source of bio-
compounds which antioxidanty capacity. Hass avocado oil especially can be considered as a new source 
of phytosterol. 
Keywords: Persea americana, Hass variety, oleic acid, β-sitosterol, leaves, aqueous extract, quercetin, 















 Avocado (Persea sp.) is classified into three subspecies: P. americana, 
P.guatemalensis, and P.drymifolia. The avocado plant, P. americana includes some 
varieties, such as Fuertes, Bacon, Reed, Hass and more. Each variety is marked by 
many different traits as well as sizes, forms and compositions(1). The Persea 
americana, cv. Hass commercialization is still quite small in Brazil compared to other 
most consumed avocado varieties, such as Fortuna and Geada. In 2010, 106 tons of 
Hass avocado were sold compared to 36,426 ton of other varieties(2). Despite the 
increase in the Hass avocado production and market in Brazil(2), little attention is 
placed on Hass avocado oil and leaves. 
 Hass variety has the highest quality for oil extraction because of its large amount 
of flesh and oil content. Monounsaturated fatty acids content ranging from 50 to 70% 
depending on the season, temperature and fruit ripeness(3, 4). Further, the fruit contains 
other bioactive compounds, such as carotenoids, phytosterols and vitamins related to 
antioxidant and anti inflammatory capacity(5). Therefore, Hass avocado has been 
studied as a potential source of nutrients  related to health benefits, such as treatment of 
type 2 diabetes and restoration of  endothelium‐dependent vasodilatation (5-10).  
 On the other hand, avocado leaves are related to natural antioxidant compounds 
from plant, mainly polyphenols, flavonoids, vitamins and mineral nutrients (11-13) and 
show several clinical benefits on healing effects when used by native people in folk 
medicine of the American continent, like in Brazil, Cuba and of the African continent to 
diabetes injuries treatment (14-17).  
 In this way, we aimed to reveal most important bio-compounds and their 
antioxidant capacity present in the Hass avocado oil and leaves cultivated in Brazil. This 
is the first report about chemical composition of brazilian Hass avocado oil and leaves. 
2. Material and Methods  
2.1 Hass avocado oil and leaves 
 The raws materials were obtained directly from the Jaguacy® Brasil Company, in 
November 2013. The company and the avocado plantation are located in Bauru city, São 





 Hass avocado oil is extracted from avocado flesh. The flesh is heated to 35 ºC, 
centrifugated, pressed and the oil as collected and bottled for sale without additives.  Hass 
avocado oil from Jaguacy® Brasil can be also found in Brazilian markets. 
2.2 Chemical characterization of bioactive compounds in Hass avocado oil and leaves 
Hass avocado oil 
Triacylglycerol composition analysis 
 The EASI-MS analyses were performed using a single quadrupole mass 
spectrometry LCMS-2010 EV (Shimadzu Corp., Kyoto, Japan). EASI is a house-made 
ionization source(18, 19) which has been utilized extensively to characterize vegetable 
oils by direct analysis, as described in previous works (20-22). EASI-MS conditions were 
as follow: methanol flow rate of 20 μL min-1 and nebulizing gas of 3 L min-1 using N2, 
and methanol spray used as solvent in a position of 2 mm from the surface at an incident 
angle of 30 °C. A droplet of Hass avocado oil samples (1 µL) was dripped on a paper 
surface (brown Kraft envelope paper), and data were collected for over 30 s in a range of 
100-1000m/z, in both positive and negative ion modes. Triacylclycerol (TAG) profile was 
determined by EASI(+)-MS ions distribution in a range of 800-1000 m/z.  
Fatty acids composition analysis  
 The analysis was  performed using gas chromatography as described by Kramer et 
al.(23) equipped with a flame ionization detector (GC-FID). The esterification and 
methylation of the sample were done according to Hartman and Lago (24). Briefly, the 
saponification was done by using the reagent based on anhydrous methanol with KOH 0.5 
M, and for the esterification, the reagent based on a mixture of ammonium chloride, 
methanol and sulfuric acid was used. Chromatographic and analytical conditions were: 
Gas Chromatograph Capillary CGC Agilent 6850 Series GC System, equipped with a 
capillary column DB-23 Agilent (50% cyanopropylmethylpolysiloxane), 60m dimension, 
0.25 mm internal diameter, 0.25 mm film, column flow rate of 1.00 mL min-1 with a 
linear velocity of 24 cm s-1, sensor temperature of 280 ºC, injector temperature 250 ºC; 
and a gradient for the oven temperature: 110 °C for 5 min, 110 – 215 °C (5 °C min-1), 215 
°C for 34 min, using helium gas carrier and 1.0 μL of sample was injected on the split 





retention time with the peaks of the respective standards of fatty acids metil esters. The 
results were reported as the mean±standard deviation values. 
Phytosterol composition analysis  
 Phytosterols determination was performed using gas chromatography according 
Becker, et al. (25). Samples were prepared with internal standard (dihydrocholesterol) and 
saponified with 30 mL of 95% ethanol (v/v) and 5 mL of 50% KOH (w/v). The samples 
remained in the reflux system for 1 hour and subsequently 40 mL of ethyl alcohol was 
added. The extraction of the unsaponified compounds was carried out with four washes of 
50 mL petroleum ether. The extract was taken to reduce the volume using a rota-
evaporator up to 5 mL, and subsequently dryed in an oven at 70 ºC for 1 h. To place the 
separation of the unsaponified components, the residue was dissolved in 1 mL hexane, 
and the material was applied in chromatoplate with activated silica gel 60, 0.5 mm 
thickness. The plates were placed in chromatography with hexane/ethyl ether in the ratio 
of 65:35 (v/v) over 40 min. After dried, the plates were stained with 2,7-
dichlorofluorescein solution of 0.2% ethanol (v/v) and exposure to ultra-violet light. The 
band sterol was shaved, followed by extraction with 10 mL of chloroform and ethyl ether, 
and evaporation of the solvent in rota-evaporator. Then  the sterols were diluted with 1 
mL of hexane, and analyzed in a gas chromatograph Agilent 6850 Series - GC System 
with a fused silica capillary column LM 5 (5% phenyl 95% metilpolisiloxane, 30 m, 0.25 
mm internal diameter, 0.3 μm thick film), and a flame ionization detector (FID). The 
Agilent Chemstation Plus software, was used to integrate and record the chromatography 
data. The qualitative composition was determined by comparing the peak retention time 
with the peaks of the respective internal standards. The analyses were performed in 
duplicate and the results were reported as mean±standard deviation values. 
Peroxide index analysis 
 The initial stage of oxidation in Hass avocado-oil was determined by peroxide 
index method and performed according to the American Oil Chemists' Society 
(AOAC)(26, 27). Hass avocado oil (3g) was diluted in 30 mL of the acetic 
acid:chloroform solution (3:2). Then, saturated KI solution was added and mixed, shaking 





and 1 mL of starch corn solution was used as indicator. Na2S2O3 was used for titration 
(0.01 N). The peroxide index value was calculated as followed equation (1):  
 
Peroxide index = 
Na2S2O3 (mL)xNa2S2O3 (N)
Sample (g)
  x 1000                                     (1) 
Results were reported as mEqO2 kg
-1 sample.  
Antioxidant capacity analysis 
 Lipophilic oxygen radical absorbance capacity (L-ORAC) was performed based 
on the AOAC method (28). Hass avocado oil was diluted in acetone (65 g L-1) and further 
diluted in a 7% randomly methylated β-cyclodextrin (RMCD) (Trappsol®) solution made 
in 50% aqueous acetone. After aliquoting appropriated diluted samples in dark 
microplates, fluorescein and AAPH (2,2´-azobis (2-methylpropionamidine) dihydro-
chloride) diluted in phosphate buffer (7.4 pH) were quickly added to the plate. The 
microplate reader was adjusted (fluorescent filters: excitation wavelength 485 ηm; 
emission wavelength 520 ηm) and the fluorescence was read each 1 min, for 80 min. The 
area under the curve was calculated as described in a previous work(29). A trolox 
standard curve (5-50.0 µmol L-1) in 7% RMCD was used for calculations of ORAC 
values which were expressed as μmolTrolox equivalent (TE). 
Total carotenoids content (TCC) assay 
 Hass avocado oil extract was prepared by directly diluting 2 g sample in 10 mL 
petroleum ether to determine total carotenoids. The extract was treated as suggested by 
Higby(30), read at 450 ηm (31) and the concentration was calculated as followed equation 
(2):  
   Ccarotenoids(g 100 mL
-1)= (A.100) (250.L.W)⁄                                     (2) 
 
 Where C= concentration, A= absorbance, L= wells pathlength (cm), W= sample g 






 Beer-Lambert law was used to determine, chlorophyll concentration, from 
spectroscopic quantification of pigments(32). The chlorophyll concentration was read at 
676 ηm, in the same extract, and calculated as follows equation (3): 
 
E= Eo.C                                                                       (3) 
 Where E=E1cm
1% ; Eo= 0.613, C= concentration g mL
-1. Result was reported as g 
mL-1 sample. 
 
 The interferences of the chlorophyll content in the extracts were eliminated by 
discounting the total chlorophyll values obtained by the following equation (4): 
 
TCC = Ccarotenoids(A450)-Cchlorophyll(A676)                                                   (4)      
 Where TCC= total carotenoids content, C= concentration g mL-1, and A= 
absorbance. Result was reported as g  mL-1 sample. 
Tocopherol assay 
 Tocopherol compound was determined in Hass avocado oil by AOCS method (26) 
in the Hass avocado oil by High-performance liquid chromatography (HPLC) system 
equipped (Perkin Elmer Series 200 Isocratic Pump) with fluorescence detection (Detector 
Perkin Elmer Series 200a).  The wavelength for excitation was 29 0ηm and emission was 
330 ηm. The chromatographic column (Hibar RT 250 x 4 mm Li Chrosorb Si 60, 5 mm) 
was used. The mobile phase was hexane/isopropanol (99/1), 1.0 mL min-1. The Agilent 
Chemstation Plus software, was used to integrate and record the chromatography data. 
The qualitative composition was determined by tocopherol standards. The analyses were 









Hass avocado leaves 
Leaf extracts  
 Leaves were washed and dried in oven with air circulation at 40 °C for 3 days 
until constant weight. The leaves were then crushed, sieved in order to get homogeneous 
and stored in desiccators at temperature (18±5 ºC) until extract preparation.  
 Hass avocado leaf infusion was prepared to determine the antioxidant capacity by 
2,2-diphenyl-1-picrylhydrazyl (DPPH), ferric reducing antioxidant capacity (FRAP) and 
hydrophilic - oxygen radical absorbance capacity (H-ORAC) assays and total flavonoids 
(TFC) and phenolic content (TPC). Leaves’ powder was infused in boiling water for 30 
minutes in a concentration of 4.5 g L-1 and filtered through a 0.45 μm membrane 
(Chromafil ® Xtra RC 45/25 membrane; MACHEREY-Nagel, Bethlehem, PA, EUA).  
Antioxidant capacity  
DPPH and IC-50 assay 
 DPPH method was used to determine the free radical scavenging activity of the 
Hass avocado leaf aqueous extract (33). The mixture of 33 μL of extract and 1.3 mL of 
DPPH reagent prepared in methanol was shaken and incubated for 30 minutes protected 
from light and read at 515 ηm absorbance using a microplate reader (Synergy HT BioTek, 
Winooski, USA). Trolox was used as standard and the DPPH values were expressed as 
μmol Trolox equivalent (μmol TE)(34).   
 IC50 was obtained by linear regression analysis of dose-response curve plotting 
between percentage of inhibition and concentrations. The equation used to calculate the 
percentage of quenching free radicals was:  
% Inhibition DPPH = [(A0-A1) / A0] x 100                                                  (5) 
 Where in A0 is the absorbance of the standard and A1 is the absorbance of the 
samples. DPPH IC-50 values were expressed as sample concentration (g L-1)(35). 
FRAP assay 
 FRAP in the Hass avocado leaf aqueous extract was determined according to 





300 mmol L-1 (pH 3.6), 10 mmol TPTZ in a HCl solution 40 mmol L-1 and FeCl3 20 
mmol L-1 (all the procedures were done in the dark). Samples, standard solutions, 
deionized water and FRAP reagent were mixed and allowed to react in water bath for 30 
min at 37 °C. After cooling to room temperature, samples and standards were read at 595 
ηm. Trolox was used as standard and the FRAP values were expressed as μmolTrolox 
equivalent (μmol TE) (37). 
 H-ORAC assay   
 Hass avocado leaf infusion was diluted in phosphate buffer (PB) (75 mmol L−1, 
pH 7.4) to perform H-ORAC. The protocol was used according to da Silva et al. (35). 
Trolox was used as standard and the H-ORAC values were expressed as μmolTrolox 
equivalent (μmol TE).  
Phenolic compounds analysis 
Total flavonoids content (TFC) assay 
 Colorimetric method was used to quantify total flavonoid concentration of the 
Hass avocado leaf infusion (38). Catechin was used in a standard curve and the results 
were expressed in terms of mg catechin equivalent (mg CE). Samples and catechin 
standard curve were read at 510 ηm. 
Total phenolic content (TPC) assay 
 Total phenolic content of the Hass avocado leaves infusion was determined 
according to Folin–Ciocalteu's method (39) with some modifications. In a tube, Hass 
avocado leaves infusion was addedin distilled water and Folin–Ciocalteu's reagent (0.25 
N), which were mixed and incubated at room temperature for 3 min. Then, sodium 
carbonate solution (1 N) was added and further incubated for 2 h at room temperature. 
The absorbance was read at 725 ηm. Gallic acid was used in a standard curve and the 
results were expressed in terms of gallic acid equivalent (GAE) (35). 
Polyphenols identification analysis 
 Acid hydrolysis of the glycoside flavonoids was performed in the avocado leaf 
infusion and prepared according to Batista, Lenquiste, Cazarin, da Silva, Luiz-Ferreira, 
Bogusz, Hantao, de Souza, Augusto and Prado (37) for characterization phenolic 





(HPLC-DAD) with some adaptations. Fifteen milliliters of the leaf infusion were added 
inside a flask with BHT solution in HPLC grade methanol (1g L-1), 12 mL deionized 
water, 10 mL HCl (6 mol L-1) and the hydrolysis occurred at 90 °C in a water bath for 30 
min with refrigerated reflux. After, the solution was placed on ice and then filled up with 
50 mL using HPLC grade methanol. The filtration was done in the 0.45μm  membrane 
filter.  
 Phenolic compounds were determined in the avocado leaves infusion by HPLC 
system equipped (HPLC Agilent 1100 Series, Englewood, CO, USA) with degasser, 
quaternary pumping system, autosampler, detection of diode array (Agilent Technologies 
1200series - Englewood, CO, EUA). The analysis of the phenolic compounds from the 
extracts was carried out in a high performance liquid chromatography (HPLC Agilent 
1100 Series, Englewood, CO, USA), with manual injection, 20 μL sample loop and 
ternary pump, coupled to a diode array detector (DAD Agilent G13158). The oven 
(Agilent 1100) was operated at 25 ± 2 ºC, and data was obtained and processed using the 
software ChemStation (Hewlett Packard, Germany). A reverse phase chromatographic 
column (C18 Eclips XDB (5 mm· 250 mm· 4.6 mm), Agilent, Englewood, CO, USA) 
was used. 
 The mobile phase was 1% orthophosphoric acid in water (v/v) (A) and acetonitrile 
(B). The elution gradient started at 95:05 (A:B) at 0.7 mL min-1. This condition was 
maintained for 5 min and then, the concentration of A was decreased (75:25, A:B), and at 
25 min it reached 60:40 (A:B) followed by a linear increase of solvent A to 95% until 35 
min. The detection was done at 210 and 254 ηm. Flow rate and injection volume were 1.0 
mL min-1 and 20 μL, respectively. Identification of the peak of each compound was based 
in comparing the relative retention time (RT), percentage of peak area and spectral data 
with the patterns of polyphenols (quercetin, catechin and epicatechin). Standard curves for 










 Pearson’s correlation coefficient (95% confidence interval, and P<0.05) was 
employed to determine the relationship between TPC, TFC and antioxidant capacity 
using Prism 6.0 (GraphPad Software, San Diego, CA, USA).  
3. Results and Discussion 
 Nutrients, bio-compounds and antioxidant capacity of Hass avocado oil and 
leaves infusion were explored in this study. They showed great sorces of functional 
compounds and have great antioxidant capacity. 
Hass avocado oil 
 The EASI(+)-MS analysis in the positive ion mode was used to obtain the Hass 
avocado oil TAG profile as showed by Figure 1. Note that the most abundant EASI(+)-
MS ions were those of m/z 879, 853, 881, 851, 877 and 855 with were assigned 
respectively to the following TAG (Table 1. Fig.. 1) as detected as their protonated 
molecules: palmitic-linoleic-oleic acid (PLO) > palmitic-palmitic-linoleic acid (PPL) > 
palmitic-oleic-oleic acid (POO) > palmitic-palmitic-linolenic acid (PPLn) > palmitic-
linoleic-linoleic acid (PLL) or linolenic-oleic-palmitic acid (LnOP) > palmitic-palmitic-
oleic acid (PPO) detected by EASI(+).  
 Palmitic, oleic and linoleic acids are also predominant TAG profile in the olive 
oil (OOO/SLO, POO/PSL, OOL/SLL, PLO/PSL and SOO/SSL) and Brazil nut oil 
(LLO/LnOO, PLO, PLL, LOO/SLL and PPL) (20).   
 The FA revealed by CG analysis showed important amount of oleic acid, 
followed by palmitic, linoleic and palmitoleic acids (table 1). Hass avocado oil from 
New Zealand, Colombia, and Mexico are also sources of oleic, palmitoleic, palmitic and 
linoleic acids as major components with also substantial contribution of linolenic, 
stearic, myristic, and cis-10-heptadecenoic acids(6, 40). Oleic acid also was the most 
abundant FFA in Hass avocado oil from Louis Trichardt, South Africa (54.4%), and in 





 Palmitic acids, are related to reduction in postprandial lipid oxidation and 
showed lower lipidemic response(42). Oleic acid is considered a FA which promoted 
healthy benefits, such as treatment of type 2 diabetes, since it reduces inflammation via 
TNF-α, decreases glucose levels and food intake and restore endothelium‐dependent 
vasodilatation (9, 10). Linoleic acid is essential for human organism, thus requiring 
dietary sources and when associated to oleic acid is related to coloretal cancer 
protection (43).  
 Hass avocado oil showed high unsaturated fatty acids, MUFA rich, followed by 
SFA and PUFA (Table 2). Besides, altitude and the maximum mean annual temperature 
are the most important influences on the variation of oleic, palmitic, and palmitoleic 
acids in Hass avocados fruit(4, 6, 40, 44). 
 Similarly to our results, Hass avocado oil from Louis Trichardt, (South Africa), 
Piedras Brancas (Colombia) and olive oil from Bodocal and Madrid (Spain) also 
presented similar ratios of MUFA and small amount of PUFA and SFA (6, 41, 45). 
 Table 3 shows phytosterols’ profile quantification in Hass avocado oil by CG 
method. β-Sitosterol and sitostanol were detected in the Hass avocado oil, followed by 
campesterol, Δ 5-avenasterol, and Δ 5,24-estigmastadienol. Phillips et al.(46) and 
Magurine et al.(47) have reported similar sterols profile mainly composed of β-
sitosterol, campesterol and Δ 5-avenasterol in nut oils.  
 Phytosterol compounds are related to health promotion roles, such as adipose 
tissue reduction, low-density lipoprotein cholesterol (LDL-c) and increasing in fecal 
cholesterol excretion (48-51). In addition, some studies with β-sitosterol showed anti-
proliferative activity against tumoral cell lines (52-54).  
 It is already known that Hass avocado flesh, among many fruits, is source of 
phytosterol, especially, β-sitosterol(55), which are also  present in Hass avocado oil. 
Among many oils, Brazilian Hass avocado oil’s phytosterols concentration (mg 100 g-1) 
was 1.53 fold higher than Hass avocado oil from Louis Trichardt, South Africa and 2.28 





 Different types of unrefined oils also contain high amounts of phytosterol, such 
as peanut oil (54), sesame seed oil, wheat germ oil, pistachio oil, sunflower kernel oil 
(46), and other nuts such as hazelnut, walnut, almond and macadamia oil(47), but, 
among aforementioned oils, Brazilian Hass avocado oil has higher contents of 
phytosterol.  
 As summarized in Table 4, peroxide index values were performed to verify the 
oxidative sample stage. Peroxide index has been used to assess rancidity in nuts, beans 
and oils (47, 56), and the peroxide value in the Brazilian Hass avocado oil, indicates a 
good fruit quality which leads to good oil quality, from the perspective of current 
oxidative state of the oil sample, with value below 10.0 mEq O2 kg
-1 oil (57).  
 Hass avocado oil antioxidant capacity was performed by L-ORAC (Table 4). 
Nevertheless, to date, there is no Hass avocado oil lipophilic total antioxidant capacity 
in the literature consulted and the present study has shown interesting antioxidant result.  
Hass avocado oil fraction showed L-ORAC values more than as demonstrated by Wang 
et al. (58), and Jacobo-Velázquez et al. (59) in the Mexican Hass avocado fruit 
(11.6 ± 0.4 μmol TE g-1, and 11.1 μmol TE g-1, respectively) and  two-fold more than 
Hass avocado fruit from the United States (60, 61), south Andes (62) and olive oils from 
Italy (63).  
 The presence of α-Tocopherol in Hass avocado oil could be one more attractive 
bio-compound.  Vitamine E have been showed properties of prevention of early changes 
in diabetic renal dysfunctions, (64) and enhanced inflammation preventing 
atherosclerosis by decreased C-reactive protein and interleukin 6 in type 2 diabetics 
patients (65).  
 On the other hand, carotenoids have been already characterized in Hass avocado 
fruit, such as neoxanthin-b, α- and β-cryptoxanthin, α- and β-carotene, lutein and others 
(58, 59, 66). However, we did not detect TCC in our sample, in agreement to previous 
Hass avocado oil study (67). Due to these facts, fatty acids, tocopherol and maybe 
phytosterols can be attributed to high amount of lipophilic compounds responsible to 










Table 1. Relative TAG and FFA profile of Brazilian Hass avocado oil using EASI(±)-MS. 
EASI(+)-MS 
TAG m/z [M+Na]+ Molecular Formula CN:DB Relative Abundance (%) 
PPoPo 825 C51H94O6 48:2 10.67 
PPPo 827 C51H96O6 48:1 9.69 
PPLn 851 C53H96O6 50:3 61.82 
PPL 853 C53H98O6 50:2 94.25 
PPO 855 C53H100O6 50:1 36.99 
PPS 857 C53H102O6 50:0 13.32 
PLLn 875 C55H96O6 52:5 9.97 
PLL or LnOP 877 C55H98O6 52:4 53.41 
PLO 879 C55H100O6 52:3 100.00 
POO 881 C55H102O6 52:2 75.84 
POS 883 C55H104O6 52:1 14.5 
PSS 885 C55H106O6 52:0 5.83 
LLO or OOLn 903 C57H100O6 54:5 13.18 
OOL or LLS 905 C57H102O6 54:4 30.47 
OOO or SOL 907 C57H104O6 54:3 29.13 
OOS or SSL 909 C57H106O6 54:2 12.77 
SSO 911 C57H108O6 54:1 9.01 
ASL, OOA 937 C59H110O6 56:2 6.76 
Triacylglycerols abbreviations: A – arachidonic acid; L – linoleic acid; Ln – linolenic acid; O – oleic acid; P – palmitic acid; Po – 
palmitoleic acid; S – stearic acid. CN = carbon number and DB = number of double bound, to the fatty acids in TAG. Relative 
















Table 2.  Hass avocado oil fatty acids profile (%) using GC-FID. 
FA M±SD (%) 
C14:0   Myristic acid 
 
0.06±0.01 
C15:0   Pentadecanoic acid 0.05±0.00 
C16:0   Palmitic acid 25.34±0.06 
C16:1 n-7  Palmitoleic acid 14.49±0.06 
C17:0  Margaric acid 0.07±0.02 
C17:1  Ginkgolic acid 0.07±0.00 
C18:0  Stearic acid 0.56±0.02 
C18:1n-9  Oleic acid 43.2±0.13 
C18:2 n-6  Linoleic acid 14.93±0.04 
C18:3 n-3  α-Linolenic acid 0.89±0.02 
C20:0  Arachidic acid 0.07±0.00 
C20:1 n-9  Eicosenoic acid 0.15±0.00 
C22:0  Docosanoic acid 0.09±0,01 
  Ratio index 
MUFA Monosaturated fatty acid 58.00 
PUFA Polyunsaturated fatty acid 16.00 
SFA Saturated fatty acid 26.00 





Figure 1.EASI-MS scheme and fingerprinting of TAG in Hass avocado oil in positive mode. Identified 








Table 3.  Hass avocado oil phytosterols profile using 
CG. 






β-sitosterol + sitostanol 81.56±0.00 
Δ 5-avenasterol 5.01±0.00 
Δ 5,24-estigmastadienol 1.01±0.00 
Δ 7-estigmastenol 0.30±0.00 
Δ 7-avenasterol 0.16±0.00 
Others 2.03±0.00 
Total 100 
Sterols (mg 100g-1oil) 522.13±0.15 














                                                               
 




Hass avocado leaves 
 This study demonstrated that Hass avocado leaves have bio-compounds with 
antioxidant capacity. HPLC flavonoids identification, TPC, TFC and antioxidant 
capacity aredescribed in Table 5. The major flavonoids observed in the Hass avocado 
leaves infusion were (+)-catechin, (-)-epicatechin and quercetin (Figure 2 A-C). 
Analysis M±SD 
Peroxide index (mEq O2 kg-1) 1.90±0.16 
L-ORAC (μmol TE g-1) 13.25±0.89 
α-Thocopherol (mg 100g-1) 11.56±0.00 





 (+)-Catechin, (-)-epicatechin and quercetin are described for the first time in 
Hass avocado leaves. However, these compounds were already detected in several other 
leaves, like in Camellia sinensis(68), strawberry, blackberry and raspberry (69).  
 Although, (+)-catechin and (-)-epicatechin were found in smaller amount than 
quercetin in the hydrolyzed aqueous extract (Figure 2 D-G). Hass avocado leaves 
infusion HPLC showed that quercetin in conjugated form and the acid hydrolysis 
release the monomeric/aglycone compound(34). However, the proanthocyanidis, (+)-
catechin and (-)-epicatechin, are also deglycosylated in the Hass avocado leaves 
infusion and they were degraded upon exposure to heat in acid hydrolysis method as 
shown  in Figure 2(E).   
 Furthermore, and in agreement with our data, quercetin is the most abundant and 
important dietary flavonoids present in the plants and leaves, and are related to prevent 
several ailments when associated with balanced dietary intake(70-72). Besides, 
quercetin is related to delay or decrease of fatty acid absorption (72) and can be used as 
a good strategy in the weight loss.  
 Proanthocyanidins, mainly (+)-catechin and (-)-epicatechin, are the major daily 
consumed flavonoids and are related to antitumor proliferation, anti-inflammatory, 
improve gut microbiota(73), protective effect against cardiovascular diseases (11) and 
improvement of insulin signaling (74).  
 Flavonoids amount in the leaves depending on solar radiation, temperature, soil 
conditions and genetic adaptation (75, 76). TFC and TPC amount has been reported to 
be the reason that explains the antioxidant potential variations in plants and their 
biological activity(77).  
 Regardless, Hass avocado dry leaves showed more TFC amount than Camellia 
sinensis (530 ± 10.6 mg CE g-1) (78), Chétoui olive leaves (6.23±0.62 mg CE g−1) (79) 
and more TPC amount  than strawberry leaves (62.4±1.0 mg GAE g-1), blackberry  





 Besides, in the aqueous Hass avocado leaf’s infusion, TFC showed strong 
correlation with FRAP (Person's r=0.9918, r2=0.9837; P<0.01) which could be  
attributed to the presence of quercetin that are able to reduce effectively Fe3+ ions(80).  
 On the other hand, the same was not verified by DPPH and H-ORAC (data not 
shown). We expected to find  linear correlation between TFC and DPPH, since it is 
widely used to test the free radical scavenging ability of flavonoids(81). The total 
antioxidant capacity, as measured by in vitro methods in the present study, such as 
ORAC, DPPH and FRAP could provide some information about the use of avocado leaf 
infusion as a new antioxidant strategy food in the market. 
 






Hass avocado leaf 
Analysis Dry weight Eextracts 
Specific Flavonoids 
Infusion Hydrolyzed Infusion Hydrolyzed 
(mg g-1) (mg g-1) (mg mL-1) (mg mL-1) 
Catechin 0.0075 ± 0.00 0.19 ± 0.00 186.66 ± 4.96 476.72 ± 22.09 
Epicatechin 0.0087 ± 0.00 0.35 ± 0.01 217.69 ± 10.07 890.38 ± 34.62 






Phenolic compounds  
 
TFC 8062.26 ± 200.24 mg CE g-1 108.84 ± 2.7 mg CE mL-1 
TPC 206.98 ± 14.26 mg GAE g-1 9.31 ± 0.64  mg GAE mL-1 
   
Antioxidant capacity 
  
DPPH 234.89 ±19.77 μmol TE g-1 9.40 ± 0.79 μmol TE mL-1 
FRAP 161.26 ± 2.39 μmol TE g-1 7.32 ± 0.097 μmol TE mL-1 
H-ORAC 72.31 ± 1.50 μmol TE g-1 32541.66 ± 678.76  μmol TE  mL-1 






Figure 2.Phenolics compounds identification by HPLC-DAD. A: (+)-catechin, B: (-)-
epicatechin, C: quercetin, D: chromatogram aqueous extract (infusion), E: 










 Analytical techniques were performed to evaluate the chemical composition and 
properties of Hass avocado oil and leaves. Hass avocado oil revealing palmitic-linoleic-
oleic acid (PLO) and oleic acid as the major TAG and fatty acid, respectively. Besides, 
Hass avocado oil can be considered as a oil source of phytosterols, considering an 
impressive among of sterols which the oil revealing. Moreover, it is the first study that 
demonstrated Hass avocado oil anti-oxidant capacity. 
 Hass avocado leaves infusion showed to be a good source of flavonoids, 
especially amount of quercetin, epicatechin and catechin and showed antioxidant 
capacity related to flavonoids compounds. 
 In all, the present result indicates the Hass avocado oil and leaves may offer 
bioactive compounds with antioxidant properties that may bring benefits for the human 
health. As a whole, Hass avocado oil and leaves can be considering a dietary antioxidant 
strategy and Hass avocado oil specially a source of phytosterols. 
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EASI-MS Easy Ambient Sonic-spray Ionization - Mass Spectrometry 
LCMS Liquid chromatography Mass Spectrometry 
GC-FID Gas Chromatography – Flame Ionization Detector 





AOAC Association of Official Analytical Chemists 
L- ORAC Lipophilic -Oxygen Radical Absorbance Capacity 
H-ORAC Hydrophilic - oxygen radical absorbance capacity 
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TAG Triacylglycerol(s) 
FA Unesterified Fatty Acid(s) 
ARA Arachidonic acid 
LNA Linoleic acid 
ALA Linolenic acid 
OLA Oleic acid 
PAM Palmitic acid 
PAL Palmitoleic acid 
STA Stearic acid 
CN Carbon Number 
DB Double Bound 
TCC Total carotenoids content 
MUFA Monounsaturated Fatty Acid(s) 
PUFA Polyunsaturated Fatty Acid(s) 





CE Catechin Equivalent 
GAE Gallic Acid Equivalent 
TE Trolox Equivalent 
DPPH 2,2-diphenyl-1-picrylhydrazyl 
DPPH-IC50 2,2-diphenyl-1-picrylhydrazyl radical by 50% 
FRAP Ferric reducing antioxidant capacity 
TFC Total flavonoids content 
TPC Total phenolic content 
HPLC-DAD High-Performance Liquid Chromatography with Diode-Array Detection 
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Abstract: Excessive intake of pro-inflammatory fatty acids is related to the development of insulin 
resistance and metabolic desorders. Balanced diet with omega-9 and physical activity are considered to 
prevent and treat metabolic disorders overwhelmed and caused chronic inflammatory state responsible for 
insulin resistance and diabetes type 2, in obesity. In this way, we investigated the role of non-
pharmacological intervention to improve the damages, especially in the liver, caused in male rats fed with 
diet-inflammation inducer. Rats ingested high-fat diet during seven weeks and then were submitted to 
more six weeks with balanced diet, bioactive compound from Hass avocado oil and physical activity. The 
non-pharmacological intervention showed significant improvements by synergetic effect among low-
physical activity, standard diet and Hass avocado oil (P<0.05), such as enhanced adiponectin, leptin, 
rescue rats from insulin resistance and improve fasting blood glucose, reduced TNF-α in the blood, 
improved glutathione enzymes and decreased lipotoxicity in blood and liver. As well, improved 
triglycerides in the blood, but not in the liver, (P<0.05), despite showed macroscopic caspase-generated 
cytoqueratin-18 fillaments in the liver. Hass avocado oil showed dubious effect: improve inflammation, 
antioxidant enzymes, and glucose homeostase, but showed up hepatic toxicity. This study provides 
evidence for the beneficial metabolic synergistic effects of low-intensity physical activity plus bio-
compounds provide by Hass avocado oil present in the animal’s diet.  












 Adipose tissue is now recognized as an immune organ that secretes pro and anti-
inflammatory cytokines, such as leptin and adiponectin related to some regulation 
process, like food intake and energy expenditure (Trayhurn & Wood, 2004). 
 The excessive deposition of fatty acids in ectopic tissues leads to lipotoxicity 
and may be the most critical factor in modulating insulin sensitivity (Kusminski, Shetty, 
Orci, Unger, & Scherer, 2009) and the cause seems to be a significant source of 
inflammatory signals known by production of the pro-inflammatory cytokines (Wisse, 
2004).  
 In the liver, lipid deposition leads to lipotoxicity referred as a part of non-
alcoholic fatty liver disease (NAFLD)(Kumar et al., 2013). Hepatocytes are conducted 
to cellular deregulation, over increase of reactive oxygen species (ROS) responsible to 
overwhelmed antioxidant system and functional tissue impairment, and, when 
associated to inflammation, is called to steatohepatitis (NASH)(Cusi; Tangvarasittichai, 
2015).   
 The activation of the pro-inflammatory pathway can be related to inflammatory 
fatty acids from dietary intake, especially palmitic and stearic acids. The chronic intake 
of these fatty acids are responsible to modulate cytokine-induced expression (Harvey et 
al., 2010; Kennedy, Martinez, Chuang, LaPoint, & McIntosh, 2009; Lee et al., 2004) 
and metaflammation can develop, as known as chronic low-grade inflammatory 
responsible to insulin resistance and diabetes type 2 (Lumeng & Saltiel, 2011).  
 However, oleic acid, present in olive and avocado oil, has been responsible to 
dubious effects. On the one hand, oleic acid leads to liver toxicity (Feldstein et al., 
2004) and is related to development of NAFLD(Cui, Chen, & Hu, 2010). On the other 
hand, it improves damages caused by excessive deposition of fatty acids in ectopic 
tissues, and improvements in glucose homeostase and insulin resistance as showed 
previous studies by Del Toro-Equihua, Velasco-Rodríguez, López-Ascencio, and 





 The total antioxidant capacity and physiological response of food matrix 
especially of the mixture with foods consumed together, may be modified via 
synergistic effect, either  additive or antagonistic interactions among them, which may 
in turn alter the bio-compounds effects of the foods in the physiological system(Wang, 
Meckling, Marcone, Kakuda, & Tsao, 2011) The combination of an antioxidant-
fortified diet and environmental enrichment or, especially, exercise have also been 
observed in previous investigations as a potent agent to synergistic effect in 
physiological response related to health improvements(Hutton et al., 2015). 
 Given these dynamics the purpose of the present study was to investigate the 
effect of low-intensity physical activity and balanced diet to prevent the damages caused 
by chronic inflammatory state in rats submitted to high-fat diet previously. To verify the 
synergistic effect among physical activity and bio-compounds, we added of low amount 
(3%) of the Hass avocado oil (2% ω-9) in the balanced diets, despite the beneficial 
effect of avocado-oil previously demonstrated.  
  2. Materials and Methods 
2.2 Evaluation ingredients composition of diet  
 Commercial Hass avocado oil was kindly donated by Jaguacy® Brasil 
Company.  
2.2.1 Lipids and sterol analysis 
 The fatty acids present in the dietary fat ingredients (Hass avocado oil Jaguacy® 
Brasil, soy oil and lard) were analyzed by a gas chromatograph (CGC-6850 Series Gas 
Chromatography System, Agilent Technologies, Santa Clara, CA) equipped with a DB-
23 capillary column (Furlan, y Castro Marques, Marineli, & Maróstica Júnior, 2013).  
2.2.2 Hass avocado oil phytosterols profile  
 The phytosterols present in Hass avocado oil and soy bean oil were separated by 
High-performance gas chromatography (CGC-6850 Series Gas Chromatography 
System, Agilent Technologies, Santa Clara, CA) with a fused silica capillary column 





thick film) and a flame ionization detector (FID)(Becker, Gonçalves, Grimaldi, & 
Fernandes, 2005). 
2.2.3 Diet composition 
 The formulation of diets followed the recommendations of the American 
Institute of Nutrition (AIN-93)(Reeves, Nielsen, & Fahey, 1993). A high-fat diet was 
used based on AIN-93 containing 12% protein and 35% lipids (4% soy oil and 31% 
lard) (Furlan et al., 2013). Diet used to treated the animals was produced according 
AIN-93M (maintenance) with 12% protein and 4% of the fatty acids. Hass avocado oil 
AIN93-M diet was supplemented with 3% of the Hass avocado oil (supplying 2% ω-9) 
in order to be the same percentage of lipids (7%) in AIN-93G (Table 1). Diets and water 
were freely offered.  
 The amount of each diet consumed over a period of 13 weeks was recorded as 
the caloric (kcal) and weight (grams) values. Dietary protein analyzes were performed 
by the Dumas Nitrogen NDA 701 analysis system and total lipids were determined 
according to the method described by Bligh and Dyer (1959) and carbohydrates by 
calculation of difference. Calories were calculated as follows: Calories(Kcal)= (Protein (g) x 














Table 1. Composition experimental diets (g kg-1) based on AIN-93M 
(American Institute of Nutrition -1993) (Reeves et al., 1993) and 
respective fed groups.  
  
AIN-93M modified 
High-fat diet Standard diet 
Experimental post 
intervention groups 
HF; HE HTE TEO; TO 
Ingredients (g) Kg 
Casein 135.74 135.74 135.74 
Corn starch 261.24 468 468 
Dextrinated starch 86.76 156 156 
Sugar 65.78 100 100 
Lard 310 0 0 
Soy bean oil 40 40 40 
Hass avocado oil -  - 34.0 
Cellulose  50 50 50 
Mineral Mix 35 35 35 
Vitamin Mix 10 10 10 
Bitartrat 2.5 2.5 2.5 
L-cystine 3 3 3 
Tert-Butylhydroquinone  0.014 0.014 0.014 
Total 1000 1000 1034 
Groups: HF: high-fat diet (35% total lipids); HE: high-fat diet + low-intensity 
physical exercise; HTE:  standard diet AIN-93M + low-intensity physical 
exercise; TEO: standard diet AIN-93M + 3% Hass avocado oil (2% ω-9) + 
low-intensity physical exercise; TO: standard diet AIN-93M + 3% Hass 
avocado oil (2% ω-9).  
 
 
2.3 Experimental animals 
 The male Wistar rats used in the biological tests were acquired from the 
University of Campinas Breeding Center (Cemib). The experiments were subjected to 
the approval of the Ethics Commission on Animal Experimentation, Unicamp (ID-
3159-1). All experiments were conducted in accordance with the National Institutes of 
Health Guidelines for the Care and Use of Experimental Animals and followed the 
ethical requirements of the Brazilian College in Animal Experimentation (COBEA). 
 Twenty healthy male Wistar rats, aging 21 days-old, were submitted to high-fat 
diet over 7 weeks. Then, the rats were randomized by weight to treatment step by 6 





(HF, N=4), and were formed more four groups: HE: high-fat diet + physical exercise 
(N=4), HTE: standard diet AIN-93M + physical exercise (N=4); TEO: standard diet 
AIN-93M + 3% Hass avocado oil (2% ω-9) + physical exercise (N=4); TO: standard 
diet AIN-93M + 3% Hass avocado oil (2% ω-9) (N=4). The animals were kept in 
individual cages and remained in a temperature (22  1 C) and moisture (60-70%) 
controlled environment in a 12 hour-dark/12 hour- light cycle. The overview of the 
experimental protocol is presented in Figure 1.   
2.4  Low-intensity physical exercise protocol 
 Rats swam in a plastic container (45 cm diameter). The water temperature was 
maintained at 34 ± 0.5°C. Initially, all the groups were acquainted swimming for 2 
minutes (5 cm depth) in the first day and 5 minutes in the second day (10 cm depth), 
one by one.  The trials were done once a day. On the third day, rats from SE, HE, HTE 
and TEO groups, swam until exhaustion (35 cm depth). The exhaustion was reached in 
7.5±1.0 min and was considered 3 min/5 days physical activity development. After two 
days of the physical activity week the animals were euthanized. 
 
Figure 1. Experimental Protocol. Groups: HF: high-fat diet (35% total lipids); HE: high-
fat diet + low-intensity physical exercise; HTE:  standard diet AIN-93M + low-intensity 





low-intensity physical exercise; TO: standard diet AIN-93M + 3% Hass avocado oil 
(2% ω-9).  
2.5 Intraperitoneal Glucose and Pyruvate Tolerance Tests 
 After 12 hours fasting, rat groups were submitted to a glucose tolerance test, 
injecting a solution 20% glucose (2 g kg-1 body weight) or to a pyruvate tolerance test 
(PTT) using a pyruvate solution (2 g kg-1 body weight) diluted in 25% saline. After 
collection of an unchallenged sample (time 0), i.p glucose solution or i.p. pyruvate 
solution and blood samples from the tail vein were collected from 30 to 120 min for 
ipGTT and from 30 to 150 for ipPTT for measurement of glucose concentration. Results 
are presented as the glycemia decay curve. Glucose was measured using Optium Xceed 
equipment (Abbot, Philippines). Rats were submitted to ipGTT and ipPTT in the last 
experimental week after training  days (as showed Fig. 1) (Maianti et al., 2014) .  
2.6. Sample preparation 
 Animals’ blood was collected under anesthesia (ketamine, 100 mg  kg-1, ip), 
after 12 h fasting at the end of the experimental period. The blood samples were 
transferred to polyethylene tubes, with or without an anticoagulant in order to obtain 
plasma or serum, respectively. Then, tubes were centrifuged at 2000 ԍ for 20 min. 
Subsequently, serum and plasma were separated and stored in a freezer at -80 °C until 
analysis.  
 After exsanguination, liver and adipose tissues (epididymal and retroperitoneal) 
were removed, cleaned with saline solution, weighed, separated in pieces for specific 
analysis and the remaining was stored individually in a freezer at -80 °C until analysis. 
Feces were collected in the last week of the experiment, macerated, dry in the oven (12 
h at 40 ºC) and stored under refrigeration. 
2.7 Analysis 
2.7.1 Cytokine and Hormones 
 LuminexxMAP method was used to analyze rat’s serum tumor necrosis factor 





Germany) and adiponectin (Millipore RADPK-81K-ADPN, Darmstadt, Germany). 
Enzyme-Linked Immuno-Sorbant Assay method was used to analyzed insulin 
(Millipore EZRMI-13K, Darmstadt, Germany).  
2.7.2 Liver enzymes 
 Colorimetric kits were used in rat’s serum to analyze aspartate transaminase 
(AST) (Wiener #1752360, Rosario, Argentina) and alanine transaminase (ALT) 
(Wiener #1762360, Rosario, Argentina).  
2.7.3Lipoproteins, triglycerides and lipoperoxidation 
 Total cholesterol (Wiener, #1220001, Rosario, Argentina), total triglycerides 
(Wiener #1780105, Rosario, Argentina) and HDL-c (Wiener #1780105, Rosario, 
Argentina) were determined using colorimetric methods. Total lipids percentage was 
investigated in liver and dry feces according to Folch (1957). Malondialdehyde (MDA) 
concentration was measured according to the method proposed by Ohkawa, Ohishi, and 
Yagi (1979)in the rat’s plasma and liver. The 8-isoprostane concentration was 
determined in the rat’s plasma and liver using immune assay method by commercial kits 
(Cayman Chemical, #516351, Michigan, USA)(Furlan et al., 2013). 
2.7.4 Antioxidant analysis 
 Superoxide dismutase (SOD), glutathione peroxidase (GPx), glutathione 
reductase (GRd) enzymes and total reduced gluthatione marker (GSH) were analyzed 
using colorimetric assays, in rat’s serum and liver according the same methods 
described previously by da Silva et al. (2013). In the tissue, the protein concentration 
homogenate was determined by Bradford method (Bradford, 1976). 
2.7.5 Immunohistochemistry 
 After clean with physiological water and weighing, liver fragments of 3 mm3 of 
the right lobe were immediately placed in a bottle containing 10% formalin for 1.440 
seconds in a water bath room temperature for proper paraffin fixation and subsequently, 
sectioned at 4.0 uM cuts and fixed on microscope slides. Avidin-biotin interaction in 





caspase-generated cytoqueratin-18 (CK-18) fragments was performed in the liver tissue 
using a mouse monoclonal antihuman antibody (DC10, Dako, Agilent Pathology 
Solutions, Santa Clara, USA) that selectively recognizes the caspase cleavage–
generated neo-epitope of CK-18 (Wieckowska et al., 2006).Hepatic portal system veins 
were reference used to photomicrographs.  
2.8 Statistical analysis 
 Mean values ± SD were used one-way ANOVA and Tukey’s test to compared 
HF group to all others. Student’s t test was used to compare two independent samples: 
HE and HTE; HTE and TEO; TEO and TO groups. Two-way ANOVA and Tukey’s test 
was used to compared ipGTT and ipPTT time by time points. P<0.05 was accepted as 
statistically significant. 
3. Results 
Hass avocado oil and lard ingredients diet composition 
 Hass avocado oil fatty acids profile showed rich MUFA oil with main oleic fatty 
acid (43%). Besides, it can be considered a source of phytosterols since as reported here 
which 522.13±0.15 mg 100 g-1oil. On the other hand, lard ingredient used to high-fat diet 
is rich in oleic (41%) and palmitic (24%) fatty acids (supplementary material, Table 
1S). 
Experimental results 
 There were no substantial changes in the food and calories intake and weight 
loss among the groups post intervention (P>0.05) (Table 2). However, the post 
intervention was able to reduced total adipose tissue. It is possible note, the impact of 
synergetic effect between low-intensity physical activity and Hass avocado oil (TEO 
group) in the total adipose tissue reduction (P<0.05) (Fig.2(I)). This beneficial effect 
showed that adipose tissue reduction are not depended on food or calories intake and 
can be accompanied to blood markers improvements.  
 High-fat groups (HF and HE) produced a significant increased in the fasting 





physical activity and Hass avocado oil (TEO group) (P<0.05) (Fig.2 (G)). One more 
time, the synergetic effect was fundamental to enhanced glucose levels. Further, insulin 
and inflammatory blood marker TNF-α were also reduced by low-intensity physical 
activity and balanced diet plus Hass avocado oil showed significant effect (P<0.05) 
(Fig.2 (A; F)).  
 Moreover, the synergetic effect between low-intensity physical activity and Hass 
avocado oil was fundamental to enhanced adiponectin and leptin blood levels (P<0.05) 
(Fig.2 (B; C)). The hormone improvements were accompanied to effect of post 
intervention in oxidative stress enxymes.  
 It noteworthy that impact of synergetic effect between low-intensity physical 
activity and Hass avocado oil (TEO group) improve glutathione enzymes GPx and GSH 
blood levels and improve GRd when compared to TO group (P<0.05) (Table 3). 
Further, in the liver, the same positive synergetic effect between low-intensity physical 
activity and Hass avocado oil was demonstrated in the GPx and GRd in particular 
(P<0.05) (Table 3). These potential interactions post intervention were extended to 
lipids profile in blood, liver and feces.  
 Post intervention groups not showed improvements in the blood total cholesterol 
and HDL-c, the impact of the synergetic effect between low-intensity physical activity 
and Hass avocado oil (TEO group) reduced triglycerides blood levels and enhanced 
lipoperoxidation by isoprostane reduction (P<0.05) (Table 4).  
 As depicted in table 4, the liver showed the impact of the synergetic effect 
between physical activity and Hass avocado oil post intervention. The total lipids were 
reduced and TEO group showed a double protection lipoperoxidation effect. However, 
this intervention (TEO group), inducted the increased of total cholesterol and 
triglycerides in the liver (P<0.05) (Table 4). 
 Despite HF and HE groups not showed liver enzymes increased, the synergetic 
effect between low-intensity physical activity and Hass avocado oil showed 
improvements in AST enzymes (Fig.2 (D)). Rats submitted to high-fat diet not showed 
failure to suppress hepatic gluconeogenesis (Fig.2 (H)) neither in post intervention 





 Given this liver framework, a possible damages caused by Hass avocado oil 
were analyzed by liver histology. CK-18 filaments cells around and far the hepatic 
portal system veins were noted in throughout liver tissue in the HF group (Fig. 3).  
 The macroscopic appearance of the liver was completely modified by post 
intervention physical activity, standard diet and Hass avocado oil supplement. There are 
the same CK-18 filaments around the liver cells portal veins in the post intervention 
groups (HE, HTE, TEO and TO). The physical activity showed a protective effect 
against cell death promoted by high-fat diet as demonstrated by HE group (P<0.05). 
 However, a negative synergistic effect between physical activity and Hass 
avocado oil was depicted in Figure 3 (TEO group), but even the cell CK-18 increased, 
was demonstrated a difference compared to HF group (P<0.05). Further, the treatment 
with standard diet and Hass avocado oil (TO group) showed protective effect against 
cell CK-18 when compared to HF group (P<0.05) (Figure 3). 
 
Table 2. Experimental rat’s profile body weight, food intake and calories per day before and post 
intervention. 
 




HF HF HE HTE TEO TO 
(n=20) (n=4) (n=4) (n=4) (n=4) (n=4) 
M±SD  M±SD M±SD M±SD M±SD M±SD 
Total body weight (g) 246.63±17.43 312.63±82.14 294.66±88.08 302.30±81.88 311.91±55.92 321.93±87.37 
Food intake (g/day) 10.95±2.18 14.27±0.49 14.62±1.75 20.56±1.34 18.81±1.59 19.39±1.77 
Calories (kcal/day) 62.83±12.55 81.82±2.80 86.83±10.06 86.51±5.64 81.86±6.92 84.4±7.71 
Experimental groups profile: HF: high-fat diet (35% total lipids); HE: high-fat diet + low-intensity physical exercise; HTE: 
standard diet AIN-93M + low-intensity physical exercise; TEO: standard diet AIN-93M + 3% Hass avocado oil (2% ω-9) + low-















Table 3. Serum and liver oxidative stress enzymes post intervention. 
 
HF HE HTE TEO TO 
 
M±SD M±SD M±SD M±SD M±SD 
Serum   
         
GPx (nmol NADPH consumed min−1  mL-1) 37.55±14.45 24.99±7.00 34.60±8.38 78.08±10.95*Δ# 32.30±8.34 
GRd (mg mL−1 ) 446.40±13.31 122.32±19.52# 405.80±61.07 373.73±16.40*# 217.75±10.57* 
SOD (U mL−1 ) 45.26±5.75 30.44±4.33# 33.44±1.52* 32.55±1.99*# 43.13±4.97* 
GSH (μmol mL−1) 112.32±9.00 132.43±11.33* 108.41±2.71 143.66±7.29*Δ 133.47±6.74 
Liver tissue  
         
GPx (nmol NADPH consumed min−1 mg−1 protein) 7.14±0.19 4.89±2.29 4.17±1.61 15.29±4.14*Δ# 3.40±1.39 
GRd (mg mg−1) 446.40±13.36 60.11±10.09# 31.20±19.04* 377.22±97.55*Δ# 27.08±5.83* 
SOD (U mg−1) 1.61±0.07 2.55±0.55 1.15±0.11 1.42±0.45 1.40±0.22 
GSH (μmol mg−1) 578.38±42.05 500.54±47.07 882.23±17.19* 744.95±107.21 692.12±70.96 
Experimental groups profile: HF: high-fat diet (35% total lipids); HE: high-fat diet + low-intensity physical exercise; HTE:  standard 
diet AIN-93M + low-intensity physical exercise; TEO: standard diet AIN-93M + 3% Hass avocado oil (2% ω-9) + low-intensity 
physical exercise; TO: standard diet AIN-93M + 3% Hass avocado oil (2% ω-9).  Mean significant difference between HE and HTE; 
TEO and TO groups by Student’s t test #P <0.05; HTE and TEO by Student’s t test ΔP <0.05; or Tukey’s test *P<0.05 to compared 





















Table 4. Serum and Liver lipids and lipoperoxidation profile post intervention. 
 
HF HE HTE TEO TO 
 
M±SD M±SD M±SD M±SD M±SD 
Serum 
 Lipids profile 
Total cholesterol (mg dL-1) 64.30±10.74 66.52±6.14 52.69±12.17 58.96±18.09 55.50±11.55 
Total triglycerides (mg dL-1) 51.31±7.89 49.56±8.39 51.31±8.87 38.59±3.78*#Δ 31.14±4.61* 
HDL-c (mg dL-1) 26.35±2.67 26.30±1.69 27.93±5.89 31.22±5.49 30.01±2.02 
Lipoperoxidation 
 
MDA (nmol L-1) 6.62±1.18 7.05±0.27 6.26±0.63 9.12±0.82 9.12±0.95 
Total isoprostane (μg mL-1) 8.74±0.68 13.97±0.71* 5.03±1.17*# 3.64±0.24*# 8.09±0.82 
Liver tissue 
 Lipids profile 
Total lipids (% mg-1) 17.94±7.71 8.02±0.50* 7.17±0.67* 5.63±0.66* 4.40±1.14* 
Total cholesterol (mg g-1) 0.29±0.02 0.38±0.01 0.95±0.20* 1.05±0.12*# 1.56±0.11* 
Total triglycerides (mg g-1) 3.28±0.33 3.51±1.02 3.33±0.60 4.31±0.50 Δ 3.83±0.57 
Lipoperoxidation 
 
MDA(nmol L-1) 1.07±0.06 0.86±0.00# 0.72±0.03* 0.77±0.08*# 1.15±0.08 
Total isoprostane (mg mg-1)  9.03±1.59 11.39±1.63 12.98±1.16 5.52±0.37#Δ* 7.82±0.56 
Feces  
Total lipids (% mg-1) 5.75±0.95 5.50±0.58 4.75±0.50 3.25±0.50*#Δ 4.75±0.96* 
Total cholesterol (mg g-1) 6.58±0.40 7.48±0.42 20.85±1.20* 23.62±1.34*#Δ  28.23±0.42* 
Total triglycerides (mg g-1) 237.85±31.57 315.58±19.43#* 329.44±11.56* 336.68±11.56*# 359.11±12.98* 
Experimental groups profile: HF: high-fat diet (35% total lipids); HE: high-fat diet + low-intensity physical exercise; HTE:  
standard diet AIN-93M + low-intensity physical exercise; TEO: standard diet AIN-93M + 3% Hass avocado oil (2% ω-9) + low-
intensity physical exercise; TO: standard diet AIN-93M + 3% Hass avocado oil (2% ω-9).  Mean significant difference between HE 
and HTE; TEO and TO groups by Student’s t test #P <0.05; HTE and TEO by Student’s t test ΔP <0.05; or Tukey’s test *P<0.05 






Figure 2. Metabolic plasma parameters.(A) Tumor necrosis factor α; (B) Adiponectin; (C) 
Leptin; (D) Alanine transaminase (AST); (E) Aspartate transaminase (ALT); (F) Insulin; 
(G) Glucose Tolerance Test (GTT); (H) Pyruvate Tolerance Test (PTT); (I) Total adipose 
tissue (epididymal + retroperitoneal). Experimental groups profile: HF: high-fat diet (35% 
total lipids); HE: high-fat diet + low-intensity physical exercise; HTE:  standard diet AIN-
93M + low-intensity physical exercise; TEO: standard diet AIN-93M + 3% Hass avocado 
oil (2% ω-9) + low-intensity physical exercise; TO: standard diet AIN-93M + 3% Hass 
avocado oil (2% ω-9).  Mean significant difference between HE and HTE; TEO and TO 
groups by Student’s t test #P <0.05, HTE and TEO Student’s t test ΔP <0.05 or one-way 
ANOVA, Tukey’s test *P<0.05 to compared HF and all groups. Two-way ANOVA, 
Bonferroni test was used to GTT mean significant difference: * HF with HE (60min 
P<0.01) and TEO (0min P<0.05); # HE compared to TEO (0min P<0.05) and HTE (60min 






Figure 3. Liver Immunohistochemistry. Experimental groups profile: HF: high-fat diet 
(35% total lipids); HE: high-fat diet + low-intensity physical exercise; HTE:  standard 
diet AIN-93M + low-intensity physical exercise; TEO: standard diet AIN-93M + 3% 
Hass avocado oil (2% ω-9) + low-intensity physical exercise; TO: standard diet AIN-
93M + 3% Hass avocado oil (2% ω-9).  Mean significant difference between S and SE; 
HE and HTE; HTE and TEO; TEO and TO groups by Student’s t test #P <0.05 or 
Tukey’s test *P<0.05 to compared HF and all groups. Arrows indicate CK-18 filaments.  
 
Discussion 
 In 2014, Carvajal-Zarrabal et al. (2014) demonstrated the beneficial effect of 
avocado-oil fraction plus olive oil in the cardiometabolic profile markers in rats 
submitted to sucrose-diet. In 2016, Del Toro-Equihua et al. (2016) showed the dose 
dependent-effect of avocado-oil fraction in insulin resistance in rats submitted to 
sucrose-diet. In this study, we demonstrated the beneficial effects of Hass avocado-oil 
fraction in rats submitted to high-fat diet, but the present study goes a step further by 
evaluating the post intervention effect in rats treated to low-intensity physical activity, 
standard diet and Hass avocado oil (3% supplementation). Moreover, this study showed 
and reinforced the dubious effect, of the avocado oil rich in oleic acid, in the biomarkers 





 Inflammation developed in obesity, due to adipose tissue hypertrophy, is one of 
the most important factors leading to insulin resistance and NAFLD(Juárez-Hernández, 
Chávez-Tapia, Uribe, & Barbero-Becerra, 2016). Both of them are strong associated to 
nutritional factors and sedentary life(Sami, Ansari, Butt, & Ab Hamid, 2017). Recent 
studies showed that adipose tissue reduction leads to cytokines and inflammation 
decreased in blood and enhanced insulin and leptin blood levels(Trayhurn & Wood, 
2004) as reported here.  
 Hass avocado oil showed interesting adipose tissue reduction. Based on a 
previous study(Garaulet, Hernandez-Morante, Lujan, Tebar, & Zamora, 2006), these 
results in line as demonstrated in overweight subjects with the omega-9 fatty acids 
presence in the tissue leading to reduction of the adipocytes hyperplasia. The synergetic 
effect between low-intensity physical activity and Hass avocado oil post intervention in 
the adipose tissue reduction reported the impact of the beneficial effect of physical 
activity even in low-intensity.  
 The impact of physical activity in the adipose tissue was widely studied which 
also improve some hormones, such as leptin, adiponectin and insulin(Thompson, Karpe, 
Lafontan, & Frayn, 2012). Leptin levels decreased after 24 h and 48 h of the physical 
activity attributed effect to improvements in insulin sensitivity and alterations in lipid 
metabolism(Kraemer, Chu, & Castracane, 2002).  
 Adiponectin, as an anti-inflammatory adipokines, was increased in rats 
submitted to physical activity related to the protective effects against metabolic 
syndrome and anti diabetic effect(Nigro et al., 2014). The physical activity post 
intervention model showed same adiponectin behavior.  
 Glucose fasting was just reduced when physical activity was associated to Hass 
avocado oil. Del Toro-Equihua et al. (2016) showed avocado-oil dose dependent to 
improved weight loss, glucose and insulin in vivo study. The authors demonstrated that 
10% of avocado-oil dose was effective to improve fasting glucose and insulin after 8 
weeks sucrose diet plus avocado-oil. 
 As far as known, it was no more studies demonstrated the avocado-oil in 





avocado oil in an intervention model (standard diet) which was able to improve fasting 
glucose, insulin, leptin, adiponectin and inflammatory marker TNF-α when associated 
to low-intensity physical activity, but the post intervention was able to improved only 
triglycerides in blood lipids profile. 
 In a recent clinical study, the author showed the dose-dependent effect of 
phytosterol in blood to promoted cholesterol reduction. Racette et al. (2010) report that 
even a moderate phytosterols intake (459 mg d-1) from food could lead to a reduction in 
total cholesterol(Racette et al., 2010). However, the dose is almost hundredfold more 
(4.4mg d-1) than we used in the present rats’ protocol study.   
 Several studies showed the beneficial effect of avocado fruit on lipids profile 
improvements(Alvizouri-Muñoz, Carranza-Madrigal, Herrera-Abarca, Chavez-Carbajal, 
& Amezcua-Gastelum, 1991; Carranza et al., 1994; López et al., 1995). On the other 
hand, these studies used a greater amount of avocado fruit (75% of total fat from 
avocado fruit), and the benefits can be related not only phytosterols and MUFA profile, 
but also to fiber content.  
 On the other hand, phytosterols present in Hass avocado oil, is regulated by 
ATP-binding cassette (ABC) transporters, ABCG5 and ABCG8, which provide a 
heterodynamic transport capable conduct the phytosterols into intracellular membrane 
of the Golgi Complex in the gut. These transporters seem to have a preference for plant 
sterols, although they also carry cholesterol, back to the intestinal lumen(Sanclemente, 
Marques-Lopes, Puzo, & García-Otín, 2009).  
 In the gut-liver axis, phytosterols increase the expression of the ABCA1 by the 
X-receptor agonist of the liver (LXR), which is responsible for the activation of ABC 
protein expression(Plat & Mensink, 2002). On the other hand, LXR is the direct 
regulator in the liver genes expression involved in lipogenesis. It may still be associated 
with Sterol regulatory element-binding proteins (SREBP-1) and Carbohydrate 
responsive element-binding protein (ChREBP), which may aggravate hepatic steatosis 
in overweight and obesity(Ducheix, Montagner, Theodorou, Ferrier, & Guillou, 2013).  
 In the same way, previous study showed that physical activity could stimulated 





absorption reduction which leads to hepatic cholesterol synthesis and excretion(Hung, 
Linden, Gordon, Rector, & Buhman, 2015). These outcomes conducted us to believe the 
synergetic effect impact between low-intensity physical activity and Hass avocado oil 
could increased lipids accumulation and antioxidant impairment in the liver.  
 In this way, the next step were evaluated the treatment effects in the oxidative 
stress enzymes and liver injuries. In animals and human studies, continuous intake of 
the pro-inflammatory fatty acids is associated with a decrease, in blood and liver, of 
antioxidant capacity(Cohen & LeRoith, 2012; Marí et al.). Previous clinical study, 
showed liver impairment antioxidant glutathione enzymes and lipoperoxidation in 
patients with NAFLD(Kumar et al., 2013).  
 Glutathione enzymes play an important role in enzymatic and non-enzymatic 
protection against oxidative stress-induced toxicity, and the present data indicate that 
glutathione enzymes content in blood and liver, were depleted in the rats submitted to 
high-fat diet (HF group). 
 Further, our results reported an impressive glutathione enzymes improvement in 
the blood, but especially in the liver by post intervention TEO group. Avocado fruit is 
source of glutathione(Jones et al., 1992) and are related to glutathione enzymes 
improvements in clinical study conducted by Flagg et al. (1994) in patients with 
NAFLD. These observations may be taken as an indication of the avocado oil fraction 
as main responsible for the glutathione source.  
 Despite these improvements reported by TEO group, we decided to evaluate the 
liver immunohistochemistry to verify the damages caused by high-fat diet and Hass 
avocado oil, once saturated fatty and oleic acids pass to similar metabolic steps in the 
liver(Bergouignan, Momken, Schoeller, Simon, & Blanc, 2009) and both conducted 
NAFLD development(Cui et al., 2010). 
 CK-18 filaments demonstrate that the cell entered the irreversible stage of cell 
death caused by pro-apoptotic stimuli via TNF-α and Fas cell surface death receptor 
(Basaranoglu, Turhan, Sonsuz, & Basaranoglu, 2011). Previously demonstrated by 
Dixon, Flask, Papouchado, Feldstein, and Nagy (2013) CK-18 filaments are associated 





 Some toxic fatty acids, mainly palmitic > stearic > oleic acid, induce hepatocyte 
apoptosis and c-Jun N-terminal kinases (JNK) dependent activation of the pro-apoptotic 
protein Bax x (a BCL2 protein that induces channels in membranes), which then leads 
to mitochondrial permeabilization with release of cytochrome C, activation of effector 
caspases, and cell apoptosis (Feldstein et al., 2003). 
 Those pathways increase oxidation of fatty acids and promote the formation of 
reactive oxygen species, resulting in antioxidant depletion, lipoperoxidation and 
oxidative stress, as demonstrated in the HF group liver. Since the lard ingredient used to 
high-fat diet is source of palmitic and oleic fatty acids.  
 However, liver antioxidant enzymes were restored post intervention which low-
intensity physical activity and Hass avocado oil (TEO group) and they were able to 
reduced lipoperoxidation markers and total lipids leading to some protection effect 
against NAFLD. 
 In this way, although benefits of Hass avocado oil showed, we assume that, 
standard diet, Hass avocado oil, especially when associated to the low-intensity physical 
activity, have an anti-inflammation effect and improve liver for some injuries despite 
were not able to rescue totally rats from NAFLD. 
 Seems the effect of avocado-oil in the animals liver, supplementation of large 
amounts of avocado-oil when associated or not to low-intensity physical activity in the 
NAFLD should be carefully reviewed considering recommendation to humans. Further 
studies need be conducted to evaluated the Hass avocado oil dose-effect in clinical 
studies.  
 As a whole, this study provides evidence for the beneficial metabolic synergistic 
effects of low-intensity physical activity plus bio-compounds provide by Hass avocado 
oil present in the animal’s diet.  
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Table 1S. Fatty acids profile and total sterols of the vegetal oils and lard ingredients 
used in experimental diets (n=3). 
Fatty acids composition* 
Hass avocado oil Soy bean oil Lard 
(%)  (%)  (%)  
C10:0   Capric acid 0.00±0.00 0.00±0.00 0.10±0.02 
C12:0   Lauric acid 0.00±0.00 0.00±0.00 0.09±0.00 
C14:0   Myristic acid 0.06±0.01 0.085±0.00 1.34±0.04*** 
C15:0   Pentadecanoic acid 0.05±0.00 0.032±0.00 0.08±0.03 
C16:0   Palmitic acid 25.34±0.04 10.70±0.00*** 24.05±0.09*** 
C16:1 n-7  Palmitoleic acid 14.49±0.03 0.10±0.00*** 2.45±0.05*** 
C17:0  Margaric acid 0.07±0.03 0.08±0.00 0.33±0.00 
C17:1  Ginkgolic acid 0.07±0.01 0.07±0.00 0.27±0.00 
C18:0  Stearic acid 0.56±0.00 3.06±0.01*** 12.69±0.20*** 
C18:1n-9  Oleic acid 43.20±0.01 27.25±0.01*** 41.37±0.18*** 
C18:2 n-6  Linoleic acid 14.93±0.01 51.22±0.02*** 15.45±0.18*** 
C18:3 n-3  α-Linolenic acid 0.89±0.03 6.22±0.28*** 0.53±0.01** 
C20:0  Arachidic acid 0.07±0.01 0.32±0.20 0.23±0.02 
C20:1 n-9  Eicosenoic acid 0.15±0.00 0.21±0.00 0.73±0.01*** 
C20:4 n-3  Arachidonic Acid 0.00±0.00 0.00±0.00 0.30±0.00* 
C22:0  Docosanoic acid 0.05±0.00 0.43±0.00*** 0.10±0.02 
C24:0  Lignoceric acid 0.09±0.02 0.22±0.02 0.09±0.00 
Total  100 100   100   
Sterols (mg 100g-1oil) 522.13±0.15 146.34±0.00 - 
Data are expressed as relative percentages of total methyl esters. Hass  avocado oil 
compared to soy bean oil and lard. *** P<0.001;** P<0.01; * P<0.005 (Tukey’s test). 
 
Abbreviation 
AIN  American Institute of Nutrition 
Bax  BCL2 protein 





GPx   Glutathione peroxidase 
GRd  Glutathione reductase 
GSH  Glutathione marker 
HDL  High-density lipoprotein 
JNK  c-Jun N-terminal kinases 
MDA  Malondialdehyde 
MUFA Monounsaturated Fatty Acid(s) 
NAFLD Nonalcoholic fatty liver deseaes  
NASH  Nonalcoholic steatohepatitis  
PUFA  Polyunsaturated Fatty Acid(s) 
SFA  Saturated Fatty Acid(s) 
SOD  Superoxidedismutase 
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Abstract: The aim was to investigate the effect of balanced diet, physical activity and Hass avocado 
leaves infusion to improve high-fat diet effects. Male Wistar rats were submitted to 7 weeks with high-fat 
diet. Then randomized to intervention 6 weeks protocol: standard diet, Hass avocado leaves infusion and 
low-intensity physical activity. Oxidative stress enzymes in serum and liver were determined as well as 
hormones, cytokines, lipids profile, liver histology and inflammatory gene expression. A synergistic 
effect promoted by Hass avocado leaves infusion plus low-intensity physical activity was noteworthy to 
improve glucose, insulin, adiponectin, IGF-1, lipoperoxidation, TNF-α and rescue rats from liver injuries 
by reducing liver total lipids area, dowexpressed pro-inflammatory IL-6 mRNA gene and to 
overexpressed IL-10 mRNA gene (P<0.05). These findings showed the positive synergistic effect, among 
balanced diet, bio-compounds from Hass avocado leaves infusion and physical activity even in low-
intensity, to promote a positive recovery from damages caused by high-fat diet intake in animal model. 











 Insulin resistance and diabetes type 2 are consequences of the low grade 
inflammation development by imbalanced intake of the inflammatory fatty acids and 
sugar associated to sedentary life style, overweight and obesity (Lumeng & Saltiel, 
2011).  
 In 2014, World Health Organization estimated that 422 million adults were 
living with diabetes around the word and in the 2012, 1.5 million deaths were reported 
to be caused by diabetes. However, the high glicemia, insulin resistance and diabetes 
type 2 can be treated by diet intervention, physical activity, medication and weight 
management (WHO, 2016). 
 In order to promote a better protect effect against injuries caused by obesity 
some previous study have been shown the synergetic effect between antioxidant food 
source and exercise. The physiological response of foods consumed together and 
exercise can modified signaling pathway via synergistic interactions(Hutton, Déry, 
Rosa, Lemon, Rollo, Boreham, et al., 2015; Wang, Meckling, Marcone, Kakuda, & 
Tsao, 2011).  
 Avocado leaves contain natural antioxidant compounds, mainly polyphenols, 
flavonoids, vitamins, minerals(Evans & Halliwell, 2001; Hertog, Feskens, Kromhout, 
Hollman, & Katan, 1993; Jomova & Valko, 2013) and have shown several clinical 
benefits on healing effects, such as hypoglycemic effect, in folk medicine in American 
(Brazil and Cuba) and African countries(Andrade-Cetto & Heinrich, 2005; Huai-Chin, 
2002; Lima, Vasconcelos, Costa-Silva, Maranhão, Costa, Batista, et al., 2012; Marrero-
Faz, Sanchez-Calero, Young, & Harvey, 2014). 
 Avocado (Persea sp.) is classified into three subspecies: P .americana, P. 
guatemalensis, and P. drymifolia. The avocado plant, P. americana includes some 
varieties, such as Fuertes, Bacon, Reed, Hass and others. Each variety is marked by 
many different traits as well as sizes, forms and compositions (Galindo-Tovar, Ogata-
Aguilar, & Arzate-Fernández, 2008). Despite the increase in the Hass avocado fruit 
production and market in Brazil (Dorizzotto, Sampaio, Icuma, & Yamanishi, 2011), 





 In this way, this paper reports the role and the synergistic effect of the 
interaction amoung balanced diet, low-intensity physical activity and Hass avocado 
leaves infusion to improve the injuries caused by high-fat diet.   
2 Materials and Methods 
2.1 Evaluation ingredients composition of diet 
2.1.1 Hass avocado infusion 
 Hass avocado leaves were collected in November 2013 in Jaguacy®Brasil 
Company, São Paulo state, Brazil. The leaves were washed and dried in oven with air 
circulation at 40 °C for 3 days and reached constant weight. The leaves were then 
crushed, sieved in order to get homogeneous and stored in desiccators at 18±5 ºC until 
extract preparation. Leaves’ powder was infused in boiling water for 30 minutes and 
filtered through a 0.45μm membrane (Chromafil ® Xtra RC 45/25 membrane; 
MACHEREY-Nagel, Bethlehem, PA, EUA).  
 The avocado leaf infusion dose concentration was obtained by DPPH-IC50 
linear regression analysis of dose-response curve plotting between percentage of 
inhibition and concentrations. DPPH IC-50 values were expressed as sample 
concentration ( g L-1)(da Silva, Cazarin, Colomeu, Batista, Meletti, Paschoal, et al., 
2013). 
2.1.2 Hass avocado leaves infusion major polyphenols  
 Acid Hydrolysis of the glycoside flavonoids was performed in extract and 
prepared according to A. G. Batista, Lenquiste, Cazarin, da Silva, Luiz-Ferreira, 
Bogusz, et al. (2014) for phenolic compounds characterization by High-Performance 
Liquid Chromatography with Diode-Array Detection (HPLC-DAD) system equipped 
(HPLC Agilent 1100 Series, Englewood, CO, USA) with degasser, pumping system 
quaternary, autosampler, detection of diode array (Agilent Technologies 1200series - 
Englewood, CO, EUA) in the same conditions presented previously by Â. G. Batista, da 






2.2 Diet composition 
 Standard and high fat diets were formulated according the recommendations of 
the American Institute of Nutrition (AIN-93)(Reeves, Nielsen, & Fahey, 1993) modified, 
and elaborated with 12% protein according to Furlan, y Castro Marques, Marineli, and 
Maróstica Júnior (2013). The modified high-fat AIN-93 diet contained 35% of lipids 
(soy bean oil, 4% and lard, 31% as shown in Table 1).  
 The diet intake during study was recorded. The caloric value was calculated as 
follows equation:  Calories(Kcal)= (Protein(g) x 4)+ (Carbohydrate(g) x 4) + (Lipids(g) x 9). 
 
 
Table 1. Composition of experimental diets (g kg-1). 
Diets Ingredients 
AIN-93M modified 
Standard High fat 
Casein 135.74 135.74 
Cor Starch 468.00 261.24 
Dextrinated starch 156.00 86.76 
Sugar  100.00 65.78 
Lard 0.00 310.00 
Soy bean oil 40.00 40.00 
Fiber 50.00 50.00 
Mix Mineral  35.0. 35.00 
Mix Vitamins  1.00 10.00 
Bitartrat 2.50 2.50 
L-cistin 3.00 3.00 
TBHQ  0.014 0.014 
Total 1000 1000 
AIN: American Institute of Nutrition AIN-93M: maintenance diet; 
TBHQ: Tert-Butylhydroquinone  
 
2.3 Design protocol 
 Twenty male Wistar rats, 21 days old healthy, consumed high-fat diet (HF) per 7 
weeks. After that, the rats were randomized by weight, and they were divided in news 
groups. High-Fat group was divided into five groups to intervention protocol: HF 
(control high-fat group) (N=4), HE: high-fat diet plus physical activity (N=4), HTE: 





with standard diet plus Hass avocado leaves infusion for 6 weeks plus physical activity 
(N=4); TC: treatment with standard diet plus Hass avocado leaves infusion for 6 weeks 
(N=4). The general protocol is presented in Figure 1.  
 Ethics Commission on Animal Experimentation approved the study protocol 
(ID- 3159-1) and the ethical requirements of the Brazilian College in Animal 
Experimentation (COBEA) were performed.  
 
 
Figure 1.Experimental design study. Groups profile: HF: high-fat diet (35%); HE: high-
fat diet (35%) + physical activity; HTE: standard diet for 6 weeks plus physical activity; 
TEC: standard diet for 6 weeks plus Hass avocado leaves infusion + physical activity; 
TC:  standard diet for 6 weeks plus Hass avocado leaves infusion without physical 
activity. GTT: glucose tolerance test. PTT: pyruvate tolerance test.  
 
 The animals were kept in individual cages. HF, HE and HTE groups received 
water and TEC and TC groups received Hass avocado leaves infusion in the bottle. 





(22  1C) and moisture (60-70%) were controlled and the cycle was 12 hour-dark/12 
hour-light. 
2.6 Low-intensity physical activity protocol 
 A 45 cm diameter plastic pool (depth of 35 cm) added with clean tap water at 
34±0.5 °C was used to the physical activity protocol. On the first and second days, all 
rats were submitted to swimming for 2 and 5 min, respectively, one by one. The third 
day, rats from SE, HE, HTE and TEC group only, swam until exhaustion (7.0±1.5 min) 
and was considered 3min/5days to development of the physical activity. The animals 
rested for two days and then they were sacrificed. 
2.7 Intraperitoneal Glucose and Pyruvate Tolerance Test (ipGTT and ipPTT) 
 After 43.200 seconds of fasting, on the sixth day of last week, the rats were 
submitted to ipGTT or ipPTT.  A glucose 20% solution or pyruvate 25% saline solution 
(2g kg-1 body weight) was applied. The blood samples (from tail vein) were collected in 
time 0 for both tests, from 1800 to 7200 seconds for ipGTT and 1800 to 9000 seconds 
for ipPTT. OptiumXceed equipment (Abbot, Philippines) was used for glucose analysis. 
Results are presented as area under de curve (AUC) (Maianti, McFedries, Foda, Kleiner, 
Du, Leissring, et al., 2014) .  
2.8 Sample preparation and analysis 
2.8.1 Sample preparation 
 Blood was collected under anesthesia (ketamine, 100 mg kg-1, ip) after 43.200 
seconds fasting in the end of the trial period. The blood samples were transferred to 
polyethylene tubes, centrifuged at 2000 g for 20 minutes. Subsequently, serum and 
plasma are separated and stored in a freezer at -80 °C.  
 Liver and adipose tissue (epididymal and retroperitoneal) were collected and 
stored at -80 ºC. Feces were collected in the last week of the experiment, macerated, 







2.8.2.1 Hormones and adipokines 
 Commercial kits were used in rats serum to determine Tumor necrosis factor 
alpha (TNF-α; Genese KAP1751), Insulin (Millipore EZRMI-13K), Insulin-like growth 
factor 1 (IGF-1) (Clound-Clone Corp.SEA050Ra), Leptin (Genese KAPME06) by 
Enzyme-Linked Immuno-Sorbant Assay (ELISA) and adiponectin by LuminexxMAP 
method (Genese RADPK-81K-ADPN). 
2.8.2.2 Liver enzymes 
 Rat’s serum liver enzymes aspartate transaminase (AST) (Wiener #1752360, 
Rosario, Argentina) and alanine transaminase (ALT) (Wiener #1762360, Rosario, 
Argentina) were determined using commercial kit protocol by colorimetric method. 
2.8.2.3 Real-time PCR 
 Reverse-transcription protocol was performed using total RNA from liver as 
described previously(Dragano, Solon, Ramalho, de Moura, Razolli, Christiansen, et al., 
2017). Intron-skipping primers for IL-10 (#124945619, Integrated DNA Technologies, 
Iowa, USA), IL-6 (#124945611) were used and GAPDH (#4352339E, Applied 
Biosystems, California, USA) was the endogenous control. Real-time PCR analysis of 
gene expression was performed in an ABI Prism 7700 sequence detection system 
(Applied Biosystems, California, USA). The results are expressed as relative transcript 
(mRNA) expression amounts(Dragano, et al., 2017). 
2.8.2.4 Lipoproteins, triglycerides and lipoperoxidation 
 Colorimetric assay was used in the rats’ serum, liver and feces to determine total 
cholesterol (Wiener, #1220001, Rosario, Argentina) and total triglycerides (Wiener 
#1780105, Rosario, Argentina) by colorimetric method. HDL-c (Wiener #1780105, 
Rosario, Argentina) was determined only in serum by colorimetric method. Rats’ liver 
and feces were used to determine total lipids by Bligh & Dyer method (1959). 
Lipoperoxidation markers were determined in rat’s plasma and liver. The 





F2-8-isoprostane immune assay  (Cayman Chemical, EIA 516351, Michigan, USA) was 
determined by commercial kit protocol(Furlan, y Castro Marques, Marineli, & 
Maróstica Júnior, 2013). 
2.8.2.5 Antioxidant analysis 
 Colorimetric assay was used to determined the oxidative stress enzymes, such as 
superoxide dismutase (SOD), glutathione peroxidase (GPx), glutathione reductase 
(GRd) enzymes and total antioxidant gluthatione marker (GSH) in the rat’s serum and 
liver according A. G. Batista, et al. (2014). 
 
2.8.2.6 Histology 
 Liver fragments (3 mm3, right lobe) were placed in 10% formalin for 24 hours in 
a water bath room temperature for paraffin fixation. Paraffin blocks were sectioned at 
4.0 μM cuts and fixed on microscope slides and cover with a coverslip. The stain used 
for histological analysis was hematoxylin and eosin (H&E) according protocol adapted 
by Fischer, Jacobson, Rose, and Zeller (2008). 
2.9 Statistical analysis 
 Data are expressed as mean values±SD. For variables with normal distribution, 
Student’s t test was used to compare independent samples. One-way analysis of 
variance (ANOVA) and Tukey's test (P<0.05) were used in order to compare the 
average of the results from all groups.  Non-parametric data was used Kruskal-Wallis 
and Dunn's test (P<0.05). Two-way analysis of variance (ANOVA) and Bonferroni's 
test (P<0.05) were used to compared body weight by time points (weeks).The number 
of rats used in distinct experiments groups is shown in the Figure 1. 
3 Results 
3.1 Hass avocado leaves infusion bio-compounds 
 The majority of flavonoids found in the Hass avocado leaves extracts were (+)-





found in smaller amount than quercetin in the acid hydrolyzed sample (Table 2; Fig. 2). 
DPPH-IC50 was 4.5 g L-1 for avocado leaves infusion.  
 
 
Figure 2.Phenolics compounds identification by HPLC-DAD in the Hass leaves 
extracts. (a) chromatogram aqueous extract (infusion) (b) chromatogram hydrolyzed 
extract. A: (+)-catechin, B: (-)-epicatechin, C: quercetina. 
 
 
Table 2. Flavonoids quantification of the Hass avocado leaves . 
 
3.2 Calories intake and Body weight   
 After randomization, the groups not showed calories intake difference (P<0.05) 
(Fig. 3A). HTE group showed higher body weight in the 8º, 9º and 10º weeks compared 
to HF group (P<0.05).  TEC showed smaller body weight in the 9º, 10º and 11º weeks 
(P<0.05) in comparison to HTE and smaller body weight in the 11º and 13º weeks 
Hass Leaf 
Analysis Dry weight Aqueous extracts 
Specific Flavonoids 
Aqueous Hydrolyzed Infusion Hydrolyzed 
(mg g-1) (mg g-1) (mg mL-1) (mg mL-1) 
Catechin 0.005 ± 0.00  0.13 ± 0.11 189.14 ± 3.49  491.85 ± 12.93 
Epicatechin 0.006 ± 0.001  0.35 ± 0.01 223.49 ± 1.05  890.38 ± 34.63  
Quercetin - 7.79 ± 6.75 - 29241.64 ± 408.00  





compared to TC group.  TC showed less body weight compared to HF group from the 
9º week until the ended (P<0.05) (Fig. 3B). The groups did not show difference 
between water and Hass avocado leaves infusion consumption (data not shown).   
 
Figure 3.Experimental results. A: calories intake; B: body weight; C: pyruvate tolerance 
test (PTT); D: glucose tolerance test (GTT); E: Interleukine-10 (IL-10) liver mRNA 
expression; F: Interleukine-6 (IL-6) liver mRNA expression; G: total adipose tissue. 
Groups: HF: high-fat diet (35%); HE: high-fat diet (35%) + physical activity; HTE: 
standard diet AIN93G + physical activity; TEC: standard diet AIN93G plus Hass 
avocado leaves infusion + physical activity; TC: standard diet AIN93G plus Hass 
avocado leaves infusion.  Mean significant difference between: HE and HTE; HTE and 
TEC; TEC and TC groups by Student’s t test #P <0.05 or Tukey’s test *P<0.05. Body 
weight: means significant difference between TEC and TC groups #P<0.05; HTE and 
TEC groups ΔP<0.05; HF and HTE groups *P<0.05; HF and TC *P<0.05(9-13 weeks) 





3.3 Blood Biomarkers and glucose homeostase 
 The impact of the synergetic effect between low-intensity physical activity and 
Hass avocado leaves infusion (TEC group) showed improvements in all plasma 
biomarkers. These post intervention applied in TEC group was able to improve lipids 
profile, such as reduced total cholesterol, triglycerides and increased HDL-c (P<0.05) 
(Table 3).  
 Besides, was demonstrated by TEC group that intervention was also 
fundamental to improve lipoperoxidation (MDA and isoprostane decreased) markers 
and enhanced hormones, such as leptin, adiponectin and insulin. Moreover, was 
noteworthy the effect in inflammatory marker TNF-α and the improvement in IGF-1 
levels (P<0.05) (Table 3). Further, TEC group was the only one to improve glucose 
levels (Fig. 3D) (P<0.05). 
 On the other hand, the oxidative stress enzymes (GPx, GSH and SOD) were 
inhibited when low-intensity physical activity was associated to Hass avocado leaves as 
demonstrated by TEC group. The opposite effect was showed by Hass avocado leaves 
infusion, that improved oxidant stress enzymes GPx, GSH and SOD as demonstrated by 
TC group (P<0.05) (Fig.4). 
3.4 Liver improvements markers profile  
 After 13 weeks and 12h fasting, gluconeogenese did not show difference among 
the experimental groups (Fig. 3C) and the liver enzyme ALT was not showed difference 
among the experimental groups. However, AST enzymes was increased only in the TC 
group compared to HF group (P<0.05) (Table 3). 
 Despite the impairment AST enzymes, TC group showed oxidative stress 
enzyme SOD improvements, but GRd reduction compared to TEC group. Further, the 
synergetic effect between low-physical activity and Hass avocado leaves infusion (TEC 
group) showed the opposite effect: decreased SOD and improved GRd oxidative stress 






Table 3.Blood bio-markers profile.  
 
HF HE HTE TEC TC 
 
M±SD M±SD M±SD M±SD M±SD 
Blood 
     
Cytokes and Hormones 
     
TNF-α (ng mL-1 ) 10.90±2.37 6.63±0.31* 3.55±0.30#* 1.54±0.54*Δ 2.12±1.12* 
Insulin (ng mL-1) 4.32±0.28 2.36±0.19* 1.22±0.11#* 3.44±0.47*#Δ 2.70±0.33* 
Leptin (mg mL-1) 12.00±0.60 6.14±0.55* 7.82±0.25 12.15±1.20Δ 11.76±2.36 
Adponectin (mg mL-1) 18.71±1.76 30.74±0.72* 34.08±1.29* 26.14±1.48*#Δ 30.90±1.92* 
IGF-1 (ng mL-1) 0.17±0.00 0.04±0.01* 0.23±0.01#* 0.21±0.01* 0.21±0.02* 
Liver  enzymes 
     
AST (U L-1 ) 43.72±2.23 38.72±6.45 38.21±4.48 38.24±2.01 51.98±6.85* 
ALT ( U L-1) 8.92±0.25 10.08±1.66 8.45±1.80 9.93±1.84 7.90±1.39 
Lipids profile 
     
Total cholesterol (mg dL-1) 68.46±6.06 63.02±3.07 62.45±5.41 52.25±4.01* 50.15±6.42* 
Total triglycerides (mg dL-1) 33.33±0.00 34.21±6.20 43.85±0.00 25.15±5.06#Δ 32.75±10.13 
HDL-c (mg dL-1) 27.63±0.90 27.24±1.57 25.00±0.82 31.59±0.84Δ 30.40±0.34 
Liporeroxidation 
     
MDA (nmol L-1) 2.21±0.23 3.87±0.00* 4.83±0.47#* 2.68±0.23#Δ 5.54±0.23* 
Total isoprostane (pg ml-1) 0.36±0.02 0.59±0.03* 0.23±0.06#* 0.22±0.05* 0.23±0.02* 
Groups: HF: high-fat diet (35%); HE: high-fat diet (35%) + physical activity; HTE: standard diet for 6 weeks plus physical 
activity; TEC: standard diet for 6 weeks plus Hass avocado leaves infusion + physical activity; TC: standard diet for 6 weeks 
plus Hass avocado leaves infusion. Mean significant difference between HE and HTE; TEC and TC groups by Student’s t test 
#P <0.05; HTE and TEC groups by Student’s t test ΔP <0.05; or Tukey’s test *P<0.05 to compared HF and all groups. 
 
 On the other hand, TEC group reduced total lipids, reduced lipoperoxidation 
markers, MDA and isoprostane, but not improve total cholesterol and triglycerides 
which were increased. Hass avocado leaves infusion was not able to improved lipids 
profile and oxidative stress enzymes in the liver as expected (P<0.05) (Table 4).  
 Nevertheless,  the synergetic effect between low-intensity physical activity and 
Hass avocado leaves infusion lead overexpression IL-10 mRNA gene (Fig. 3E), an anti-
inflammatory cytokine and underexpressed IL-6 mRNA gene (P<0.05) (Fig. 3F). 
3.4.1 Histology  
 Mallory-denk bodies (MDB), an indicators of cellular dysfunction, were found 





misfolded proteins characterizing earliest stage cellular injuries and the membrane cells 
were not persevered as showed liver photomicrographs. The HTE, TEC and TC groups 
showed protect effect as demonstrated by cell membrane preservation, MDB absence 
and decreased total lipids area (Figure 5). 
 
Table 4. Lipids profile and lipoperoxidation in the liver and feces. 
 
HF HE HTE TEC TC 
 
M±SD M±SD M±SD M±SD M±SD  
Liver 
     
Lipids profile 
     
Total lipids (% mg-1) 13.51±1.26 8.77±0.94* 4.88±2.18#* 5.76±0.96* 7.26±0.88* 
Total cholesterol  (mg g-1) 0.30±0.01 0.37±0.00 1.05±0.08#* 1.45±0.05*#Δ 1.74±0.17* 
Total triglycerides (mg g-1) 3.43±0.11 3.02±0.65 3.61±0.38 3.66±0.25# 4.29±0.18* 
Liporeroxidation 
     
MDA (nmol L-1) 1.11±0.00 0.86±0.00* 0.72±0.03* 0.79±0.03*#Δ 1.15±0.21 
Total isoprostane (pg mg-1)  6.58±0.19 9.00±1.76 10.17±0.55* 4.83±0.02#Δ 7.41±0.74 
Feces  
    
Total lipids (% mg-1) 5.75±0.96 5.50±0.58 4.67±0.58 1.80±0.84*Δ 2.20±0.84* 
Total cholesterol (mg g-1) 6.78±0.28 6.85±1.13 20.85±1.20#* 22.81±0.47*# 26.66±0.45* 
Total triglycerides (mg g-1) 237.85±31.75 298.36±37.90* 329.44±11.56* 322.43±22.59* 339.25±15.77* 
Groups: HF: high-fat diet (35%); HE: high-fat diet (35%) + physical activity; HTE: standard diet for 6 weeks plus physical 
activity; TEC: standard diet for 6 weeks plus Hass avocado leaves infusion + physical activity; TC:  standard diet for 6 weeks 
plus Hass avocado leaves infusion. Mean significant difference between HE and HTE; TEC and TC groups by Student’s t test #P 







Figure 4. Blood and liver oxidative stress enzymes. Blood oxidative enzymes (A-D); Liver oxidative enzymes  (E-H). A and E: 
Glutathione peroxidase (GPx); B and F: Glutathione reductase (GRd);  C and G: total antioxidant glutathione marker (GSH); D and H: 
superoxide dismutase (SOD). Groups: HF: high-fat diet (35%);  HE: high-fat diet (35%) + physical activity; HTE: standard diet for 6 
weeks plus physical activity; TEC: standard diet for 6 weeks plus Hass avocado leaves infusion + physical activity; TC: standard diet 
for 6 weeks plus Hass avocado leaves infusion. Mean significant difference between HE and HTE; HTE and TEO; TEC and TC groups 





Figure 5. Liver Photomicrographs. Groups: HF: high-fat diet (35%); HE: high-fat diet 
(35%) + physical activity; HTE: standard diet for 6 weeks plus physical activity; TEC: 
standard diet for 6 weeks plus Hass avocado leaves infusion + physical activity; TC: 
standard diet for 6 weeks plus Hass avocado leaves infusion. Mean significant 
difference between HE and HTE; HTE and TEO; TEC and TC groups by Student’s t 
test #P<0.05 or Tukey’s test *P<0.05 to compared to HF group. Photomicrographs 
magnification: large box (60x) 20μm.  
 
3.5 Adipose tissue  
 Low-intensity physical activity groups showed adipose tissue reduction, such as 
HE (-59.8%), HTE (-68.8%) and TEC (-52%) groups. The effect of Hass avocado 
leaves infusion was also notorious demonstrated by TC group with 36% adipose tissue 
reduction compared to HF (P<0.001) (Fig. 3H). 
3.6 Feces  
 If one hand, Hass avocado leaves infusion showed increased total cholesterol 
and triglycerides in the liver, on the other hand, it showed increased total cholesterol 





activity (HTE group) (P<0.05) (Table 4). TEC and TC groups showed less total lipids 
excretion compared to HF groups (P<0.05) (Table 4).    
4 Discussion 
 The results showed Hass avocado leaves infusion and low-intensity physical 
activity like potential therapeutic agents to prevent damages caused by low chronic 
inflammation, mainly in insulin resistance by reduced body adiposity through enhanced 
pro-inflammatory TNF-α, reduced cholesterol and triglycerides in the plasma, protect 
the animals from lipoperoxidation, improve cholesterol and triglycerides fecal excretion 
and rescue rats from liver injuries caused by high-fat diet. 
 The anti-obesogenic effects of flavonoids have been vastly investigated. 
Quercetin can inhibit preadipocyte proliferation, induced them to apoptosis and 
stimulate lipolysis in mature adipocytes(Rayalam, Della-Fera, & Baile), leading to 
adipose tissue reduction. In the same way, physical activity can induced lipolysis gene 
expression in the adipose tissue leading to weight loss(Bae, Woo, Roh, Lee, Ko, Kang, 
et al., 2017; Hashimoto, Sato, & Iemitsu, 2013).  These outcomes it in line as reported 
here and reinforce the positive effect to used flavonoids source associated to physical 
activity to increased adipose tissue loss. 
 Besides, flavonoids as well physical activity, are also related to improve insulin 
resistance via pathway GLUT-4 translocation. Previous studies reported flavonoids as a 
powerful activator of the Akt, protein kinase related to insulin pathway and GLUT-4 
translocation(Vinayagam & Xu, 2015), and physical activity is related to stimulates 
AMPK pathway, an independent insulin GLUT-4 translocation(O'Neill, 2013).  Our 
results herein reported with Hass avocado leaves infusion associated to low-physical 
activity showed glucose homeostase improvements which reinforce the positive effect 
to used flavonols sources as supporting to improve insulin resistance. 
 The protective effects of the Hass avocado leaves infusion showed enhanced the 
anti inflammatory adiponectin and increased IGF-1 levels. As recently described in the 
literature that quercetin enhanced adiponectin gene expression, but the mechanisms are 





 High-fat diet suppressed IGF-1 and leaded to insulin deficiency as reported here. 
Insulin deficiency cause impaired hepatic IGF-1 synthesis leading to further injury of 
insulin action. Previous study showed that IGF-1 can potentiate insulin to promote 
glucose lowering in patients with insulin resistance and improves insulin 
sensitivity(Clemmons, 2006). Hass avocado leaves infusion was capable to improve 
IGF-1 which reflects in the insulin enhanced and synergetic effect as showed when Hass 
avocado leaves infusion was together to physical activity, with glucose reduction 
improvements.  
 On the other hand, some studies have shown that  flavonoids supplementation 
was not able to exert any preventive effect on exercise-induced oxidative stress and 
inflammation biomarkers(Malaguti, Angeloni, & Hrelia, 2013). In the same way, we 
demonstrated here that Hass avocado leaves infusion plus physical activity (TEC group) 
decreased GPx, GSH and SOD enzymes in the blood, but showed positive effect to 
decreased TNF-α inflammatory marker in the blood, that is related to insulin resistance 
as reported previous(Nieto-Vazquez, Fernández-Veledo, Krämer, Vila-Bedmar, Garcia-
Guerra, & Lorenzo, 2008).  
 A recent study showed that exercise is related to stimulation of some intestinal 
lipid metabolism genes, such as LXRα, related to cholesterol excretion(Hung, Linden, 
Gordon, Rector, & Buhman, 2015). LXRα pathway increases the expression of 
intestinal ATP-binding cassette (ABC) transporters, specifically ABCG5 and ABCG8. 
Quercetin are also related to overexpressed ABCG5 gene(Jung, Cho, Ahn, Jeon, & Ha, 
2013).   
ABCG5 and ABCG8 promote biliary cholesterol secretion and decreased cholesterol 
absorption, which leads to the increase cholesterol blood circulation, cholesterol 
excretion and hepatic cholesterol synthesis(Flock, Green, & Kris-Etherton, 2011) as 
shown by our results.  
 Catechin and epicatechin are also related to upregulated  mRNA CYP7A1 gene 
involved in cholesterol metabolism(Suzuki, Kumazoe, Kim, Yamashita, Nakahara, 
Tsukamoto, et al., 2013) that leads to hypocholestolemic effect. However, previously 





alpha  (LXRα) and Peroxisome Proliferator-Activated Receptor alpha (PPARα) in the 
regulatory region of the CYP7A1 gene promoter which trigger an inhibit activity 
CYP7A1 gene(Gbaguidi & Agellon, 2002).  
 These observations may be taken as an indication an adaptive body mechanism 
effect of all treated groups after high-fat diet damages. The physical activity promoted 
adipose tissue reduction and more lipids profile changes, but could upregulated LXRα 
that may be inhibit the effect of flavonoids into promote lower cholesterol as well 
triglycerides in the liver.  
 However, it was noteworthy that Hass avocado leaves infusion and physical 
activity showed lipoperoxidation protection, enhanced total liver lipids area and rescue 
rats liver injuries, development by means of the synergetic effect, regard they 
overexpressed IL-10 an anti-inflammatory cytokine, and downexpressed pro-
inflammatory mRNA IL-6, profile strongly associated to improve non-alcoholic fatty 
liver disease(Braunersreuther, Viviani, Mach, & Montecucco, 2012).  
 The present study demonstrated Hass avocado leaves infusion, as well as 
physical activity, were able to improve some, but not all, liver injuries caused by high-
fat diet. The time and treatment intensity could be not enough, but the treatment 
proposes here escapes from the adverse supplementation effects and damages caused by 
exhaustive exercise. 
 Our results provide evidence for the beneficial effects of a synergistic approach 
to manage obesity effects. The inclusion of Hass avocado leaves infusion improved 
insulin, adiponectin, inflammatory biomarkers and reduced adipose tissue. The 
combination of phenolic compounds source ingestion and physical activity resulted in 
synergetic effect which improvement glycemia, inflammation, reduced adipose tissue 
and rescue rats liver injuries.  It is noteworthy that correct nutritional approaches for the 
control of complex metabolic disorders caused by high-fat diet intake is reinforced here 
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ABC  ATP-binding cassette 
ALT   Alanine transaminase 
AST  Aspartate transaminase  
GAPDH Glyceraldehyde 3-phosphate dehydrogenase 
GLUT-4 Glucose transporter type 4 
GPx  Glutathione peroxidase 
GRd  Glutathione reductase 
GSH  Total gluthatione 
HDL-c            High-density lipoprotein  
IGF-1  Insulin-like growth factor 1 
IL-10  Interleukin -10 
IL-6  Interleukin -6 
LXRα Liver X receptor alpha  





MDB  Mallory-denk bodies 
PPARα Peroxisome proliferator-activated receptor alpha 
SOD  Superoxide dismutase  
TAG  Triglycerides 
TNF-α             Tumor necrosis factor alpha 
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Abstract: In recent years, the increase of the global incidence of obesity and obesity-
related disorders has been associated with metabolic imbalance and low grade 
inflammation. Fat-rich meals and diets contribute importantly to those alterations. The 
aim of this work was to evaluate the impact of exchanging butter by Hass avocado-oil 
on postprandial metabolic parameters in healthy overweight volunteers consuming a 
hypercaloric-hyperlipidic breakfast. Thirteen healthy volunteers consumed a control 
meal (CM) consisting of: butter, eggs, bacon, wheat bread, potatoes and iced sugar, or a 
test meal (TM), where butter was totally replaced by Hass avocado-oil. Blood 
biomarkers were measured postprandially during 240 min. Participants were 65.1±5.3 
years old, body mass index 28.1±1.8k g/m2and fasting glycemia ≤ 6.1 mmol/L. The 
consumption of CM or TM resulted in similar high-density lipoprotein and glucagon-
like peptide-1 (GLP-1) responses, but TM improved postprandial profiles of insulin, 
glycemia, total cholesterol, low-density lipoprotein, triacylglycerols, C-reactive protein 
and interleukin-6 (P<0.05). The study shows potential of Hass avocado-oil for 
counteracting the negative impact of a high fat and hypercaloric breakfast meal on 
important biomarkers related to cardiometabolic health. 












 In recent years, the increase of the global incidence of obesity and obesity-
related disorders, including insulin resistance, type 2 diabetes and cardiovascular 
diseases, are associated with metabolic imbalance and low grade and chronic 
inflammation(Dandona, Aljada, & Bandyopadhyay, 2004; Poirier & Eckel, 2002). 
Clinical atherosclerosis, one of the many obesity consequences, is related to altered 
circulating levels of adhesion molecules, blood lipids and inflammatory cytokines, as 
well as endotoxemia via lipopolysaccharide (LPS), which is related to activation of Toll 
Like Receptors (TLRs), triggering inflammation signaling pathways(Stoll, Denning, & 
Weintraub, 2004). 
 The complex and intrinsic metabolic condition in obesity-related disorders is 
also related to the quality of the diet, where fat composition plays a very important role. 
Recent findings point out the deleterious effect which may have on health when the 
regular and high intake amount of the fatty acids food content consumption, such as 
palmitc, myristic, lauric and stearic acids(Lumeng & Saltiel, 2011).  
 Studies looking at the metabolic impact of saturated fatty acid consumption have 
shown increased insulin resistance and inflammation related to LPS, due to increased 
gut permeability. These effects, however, are not seen with diets rich in olive oil, 
flaxseed oil and fish oil, which are sources of unsaturated fatty acids(Inoue, et al., 2017; 
Lee, Sohn, Rhee, & Hwang, 2001; Oliveira, et al., 2015; Zhao, Joshi-Barve, Barve, & 
Chen, 2004).These observations suggest a link between the intake of saturated fatty 
acids, TLRs activation, and inflammation, as part of the atherogenesis process(Stoll, et 
al., 2004). 
 In line with those beneficial effects of unsaturated fatty acids, avocado-oil has 
emerged as a new product with high contents of oleic acid and phytosterols(Berasategi, 
Barriuso, Ansorena, & Astiasarán, 2012) that may contribute to improve health-related 
parameters, specially to diminish the negative consequences of  atherosclerosis(Dreher 
& Davenport, 2013). However, there are few studies about its health promoting benefits 





 Nevertheless, despite the enthusiasm opened by those reports, the beneficial 
effects of Hass avocado-oil on human health are still scarcely documented in the 
literature. Therefore, the present study investigated the impact of replacing butter by 
Haas avocado-oil on postprandial circulating levels of cardiometabolic risk-related 
biomarkers in a group of mature healthy overweight subjects, eating a high calorie 
hyperlipidic meal.  
2 Subjects and Methods 
2.1 Participants 
 Healthy volunteers, non-smoking and without any known medical condition, 
were recruited through advertisement in local newspapers. The characteristics of the 
experimental cohort correspond to those of a healthy population that, by virtue of 
age(mature subjects) and overweight, is at increased risk for cardiometabolic 
disease(Tovar, Johansson, & Björck, 2016). Subjects were orally informed and received 
documents about the practical details of the experiment. Inclusion criteria were as 
follows: normal fasting plasma glucose value (≤6.1 mmol/L), age between 50 and 73 
years old and body mass index in the 24.9-29.9 kg/m2 range, not allergic or intolerant 
to gluten and eggs, and with disposition to visit the clinical unit twice (5.5 h per visit). 
Only medications accepted were prescription-free painkillers without anti-inflammatory 
action. 
2.2 Study Protocol 
 On the screening day, BMI and fasting blood glucose were measured. The 
participants who met the inclusion criteria were scheduled for visiting the clinical unit 
(Lund University, Food for Health Laboratory) in a randomized crossover scheme: two 







Figure 1. Crossover study design. 
  
 Participants were instructed to consume the same dinner on the night prior to the 
experimental days (spaghetti, tomato sauce, chicken, cheese and soybean oil), in order 
to homogenize the influence of the previous meal on next day fasting glucose 
levels(Wolever, Jenkins, Ocana, Rao, & Collier, 1988)(supplementary material-Table 
S1). Subjects should not alter the irregular physical activity on the day before the trials. 
 On each clinical visit, BMI and fasting blood glucose were measured. A finger-
tip capillary blood sample was collected for glucose measurement, and venous blood 
was then drawn with the aid of collection tubes for the assessment of biomarkers such 
as fasting insulin, lipid profile: total cholesterol (TC), low-density lipoprotein 
cholesterol (LDL-c), high-density lipoprotein cholesterol (HDL-c) and triacylglycerol 
(TG); levels of inflammatory markers: C-reactive protein (CRP),interleukin-6 (IL-6), 
lipopolysaccharide binding protein (LBP), cluster of differentiation 14 (sCD14) and the 
gut hormone glucagon-like peptide-1 (GLP-1).After each meal, blood samples were 
taken at different times over a 240 minutes period to assess the postprandial levels of 
the various biomarkers (see below).  
 The study protocol was approved by the Regional Ethical Review Board (Lund; 







 Hass avocado-oil was donated by Jaguacy® Brasil industry, but the oil can be 
also found in Brazilian retail markets. The oil was extracted from avocado fruit pulp, 
which was heated to 35 ºC, pressed and centrifuged; the oil was collected and bottled 
without additives, for commercialization. 
 Detailed Hass avocado-oil fatty acid composition (58% monounsaturated fatty 
acid, 16% polyunsaturated fatty acid and 26% saturated fatty acid) and sterol levels 
(522.13±0.15mg 100g-1oil) will be separately reported (manuscript in preparation). The 
composition of the studied meals was calculated using the nutritional contents listed in 
the 2009 food database from the Swedish National Food Administration(Nacional Food 
Agency, 2015).The nutritional profiles of the Control meal (CM) and Hass avocado-oil 
test meal (TM) are shown in Table 1. 
 
Table 1.  Nutritional profile of CM and TM. 
  
CM TM 
Carbohydrate (g) 80.37 80.24 
Fiber (g) 5.53 5.53 
Protein (g) 32.10 32.04 
Fat (g) 50.06 50.22 
SFA (g) 26.91 12.84 
PUFA (g) 3.62 8.09 
MUFA (g) 14.91 26.46 
Cholesterol (mg) 321.84 312.48 
Calories (kcal) 911.48 912.19 
Weight (g) 409.00 392.00 
SFA: Saturated fatty acids; PUFA:Polyunsaturated fatty 
acids; MUFA: Monounsaturated fatty acids. 
 
 The meals consisted of eggs (white and yolk), bacon, potatoes, iced sugar and 
butter (80% fat; in control meal) or Hass avocado-oil (test meal). CM provided 27 g 
saturated fatty acids, while TM had 25 g monounsaturated fatty acids (mainly oleic acid, 
provided by Hass avocado-oil). Both meals were designed to provide 900 kcal and 50 g 






2.4 Biomarker assessment 
2.4.1 Lipid profile 
 Twelve hour fasting values and postprandial levels of TC, LDL-c , HDL-c and 
TG were measured in plasma samples by the Clinical Chemistry Laboratory/Skåne 
University Hospital (Malmö), using standard methods(Tovar, et al., 2016).  
2.4.2Inflammatory markers and GLP-1 levels 
 Twelve hour fasting values and postprandial levels of CRP, IL-6 and GLP-1 
were measured in plasma samples by CRPELISA kit (Cat.No.IDG-K9710s,Industrial 
Distribution Group, Belmont, United States), IL- 6 ELISA kit(Cat. No. HS600BR&D 
Systems, Minneapolis, MN), GLP-1 Total ELISA kit (Cat.No.ALP-43-GP1HU-
E01ALPCO, Salem, United States). Samples were for GLP-1 analyses were collected in 
the presence of DPP-IV (DPP4-010 Merck Millipore, Darmstadt, Germany) and 
Pefabloc (Pefabloc® SC (AEBSF), Mannheim, Germany) inhibitors. 
2.4.3Endotoxemia 
 LBP and sCD14 circulating levels were measured in plasma using ELISA kits 
supplied by MSD (Rockville, Maryland, USA) and BioAspect (Toronto, Canada), 
respectively. 
2.4.4 Glucose and insulin 
 Basal concentrations of blood glucose and serum insulin were measured in the 
volunteers after 12 hours fasting. Insulin concentration was also measured at0, 30, 60, 
120, 180, 210 and 240 minutes post-meal. The analyses were performed by the Clinical 
Chemistry Laboratory/Skåne University Hospital (Malmö). Samples of capillary blood 
were also drawn to determine the glucose concentration (HemoCue201RT-glucose, 
HemoCue AB)at 0, 30, 60, 90, 120, 180, 210 and 240 minutes postprandially as 







2.5 Statistical Analysis and Power calculation 
 The results are presented as mean ± standard error of the mean (SEM). The 
normality of the data was verified using the Shapiro-Wilk test and the homogeneity 
through the Levene test. The CRP data, with asymmetric distributions, were Ln 
transformed before analysis. Statistical analyses were performed using the Student’s t-
test for repeated measures. Paired t-test was used to compare the means of the curves. 
The power from these analyses was estimated, and r value ≥0.5 was considered as a 
significant strong power and r value ≥0.3 was considered as a moderated power. In 
order to test the effect of TM and its time interactions, the ANOVA-RM test was 
performed, followed by the post-hoc Bonferroni test. The p-value lower than 0.05 was 
considered statistically significant. All statistical analyses were performed using 
GraphPad Prism 5 (GraphPad Software, Inc., La Jolla, CA). 
3Results 
3.1 Participants profile  
 The clinical visits took place between September and October 2015. Nineteen 
volunteers showed interest in the study, seventeen showed up for screening and 15 met 
the inclusion criteria. Two participants did not complete the study, leaving 13 data-
yielding subjects. Participants were 65.15±5.32 years old, with BMI 28.04±1.75 kg/m2 
and fasting glycemia 5.35±0.55 mmol/L, as recorded on the screening day. No 
statistically significant change was observed in BMI or fasting glycemia values over the 
study length (Supplementary material-Table S3). 
3.2Postprandial blood lipid responses  
 Comparison of the average postprandial curves (Table 2; Figure 2) indicated that 
replacement of butter by Hass avocado-oil in TM reduced significantly (P<0.05; r > 
0.9) TG, TC and LDL-c compared to CM. Moreover, late levels (240 min) of TC and 
TG were significantly lower after TM (P<0.05). HDL-c curves, however, did not show 











CM  TM 
p value* r value** 
Mean SEM  Mean SEM 
TC (mmol/L) 5.76 0.04 5.65 0.03 0.001 0.910 
TG (mmol/L) 144.1 17.01 140.9 18.88 0.0001 0.963 
LDL-c (mmol/L) 3.73 0.04 3.66 0.03 0.0001 0.949 
HDL-c (mmol/L) 1.63 0.03 1.64 0.02 0.218 0.490 
Insulin (mIE/L) 38.47 7.25 36.89 7.04 0.006 0.779 
Glucose (mmol/L) 6.75 0.33 6.34 0.28 0.003 0.865 
CRP (mg/L) 1.79 0.03 1.74 0.02 0.019 0.623 
IL-6 (pg/mL) 234.8 79.22 195.0 48.50 0.306 0.334 
LBP/sCD14 0.26 0.01 0.24 0.00 0.335 0.230 
GLP-1(pmol/L) 2.86 0.18 2.84 0.25 0.456 0.381 
*paired t-test; **statistic power: r≥0.5was considered as strong statistic power to 
improve the blood biomarkers and r ≥0.3was considered as a moderated power. 
 
Figure 2. Postprandial lipids profiles following CM or TM meal. (a) 
Triacylglycerides (*P=0.0001); (b) Total cholesterol (*P=0.001). *indicates 
significant differences between the two meals (ANOVA-RM test). **Significant 







3.3Acute inflammatory response 
 The inclusion of Hass avocado-oil improved postprandial inflammatory 
responses, as circulating CRP showed a significant overall reduction (P=0.019; r=0.623) 
after TM (Table 2). Late levels (240 min) of IL-6 were also significantly lower after TM 
(P=0.003) (Figure 3a).An early (30 min) decreased LBP/sCD14 ratio was recorded after 
TM, although the difference did not reach statistical significance (P=0.08) (Figure 3b). 
3.4 Glucose and hormonal responses 
 Hass avocado-oil in TM improved postprandial glucose (P=0.03; r=0.865) and 
insulin (P=0.006; r=0.779) levels (Table 2). However, GLP-1 post-meal concentrations 
did not differ between CM and TM (Table 2).   
 
 
Figure 3. Postprandial circulating pro-inflammatory cytokine IL-6 (a) and 
LBP/sCD14 ratio (b) levels after CM or TM. **Significant difference at 240 min 
(P=0.003, Bonferroni test). 
 
4 Discussion 
 Present results show, for the first time in postprandial conditions, potential 





The bioactive compounds and MUFA-rich lipid profile in the Hass avocado-oil meal, 
appear thus capable of attenuating inflammation even in a high-fat and hypercaloric 
meal background. 
 Elevated circulating levels of CRP, cholesterol fraction LDL-c, TC and TG are 
some of the strongest prognostic factors for atherosclerosis disease(Singh & Singh, 
2016; Verma, et al., 2003). Here, there placement of butter by Hass avocado-oil resulted 
in significant postprandial attenuation of these risk markers. It is known that semi-long 
term  consumption of avocado fruit contributes to blood lipid profile improvements and 
thus may provide protection against cardiovascular diseases(Wang, Bordi, Fleming, 
Hill, & Kris‐Etherton, 2015). The reduction of blood lipids can be explained by the 
presence of fat-soluble phytosterols in the avocado fruit, mainly in its oil 
fraction(Berasategi, et al., 2012; Dreher & Davenport, 2013).Phytosterols decrease 
cholesterol absorption from the small intestinal lumen as a result of their similar 
chemical structures. When simultaneously present in the lumen, plant sterols being 
more hydrophobic are retained in the micellar structures competing with cholesterol 
and, consequently decreasing its absorption(Sanclemente, Marques-Lopes, Puzo, & 
García-Otín, 2009). Although most evidences of circulating cholesterol reduction 
associated to dietary modifications come from medium and long-term interventions 
(Tovar, et al., 2016), the postprandial effect of certain foods and ingredients on 
cholesterol fractions has also been explored in a number of studies(Cara, et al., 1992; 
De Smet, Mensink, Lütjohann, & Plat, 2015; Liu, et al., 2017). Present data stress the 
importance of meal composition for the modulation of acute cholesterolemic responses. 
 Previous studies(Carranza, et al., 1994; López, et al., 1995) showed that 
medium-term intake of the avocado fruit not only decreases TC, LDL-c and TG, but it 
can also increase HDL-c levels, an effect was not observed in this investigation. Thus, 
the HDL-c fraction enhancement might be related to other bioactive compounds present 
in the fruit pulp, but not in the extracted oil. It could also be that HDL-c changes require 
a more chronic intake.  
 Saturated fatty acids (SFA), especially palmitic and stearic acids, are related to 
increased gut permeability that leads to bacterial lipopolysaccharide (LPS) translocation 





Curi, 2011). The binder molecule LBP and the transfersCD14 are the major serum 
factors responsible for the initiation of innate immune responses due to activation of 
Toll-like receptors2 or 4 (TLR), initiating a signal transduction pathway that leads to the 
release of pro-inflammatory cytokines, such as Tumor Necrosis Factor Alpha (TNF-α) 
via NF-kB nucleo translocation(Schröder, et al., 2004). Increased LBP/sCD14 ratios 
have been thus associated with endotoxemia, as an enhanced acute phase inflammatory 
response(Laugerette, et al., 2014). A tendency to reduced ratios was observed shortly 
after the intake of TM, a response that would be interesting to explore further as part of 
the potential cardiometabolic-protective effects of avocado oil. 
  As we demonstrate here for Hass avocado-oil, the intake of avocado fruit pulp 
resulted in a late postprandial reduction in circulating pro-inflammatoryIL-6(Li, et al., 
2013). The role of unsaturated fatty acids, mainly oleic acid, as anti-inflammatory agent 
has been highlighted in studies in vitro(Oh, et al., 2009) and in animal models(Oliveira, 
et al., 2015). Besides, TM showed ability to attenuate postprandial CRP levels, a 
systemic inflammatory marker and a risk factor for atherosclerotic disease(Verma, et al., 
2003). Data on CRP postprandial responses in hyperlipidic meal studies are still 
inconsistent, owing to the many different protocols applied(Perez-Martinez, et al., 2014; 
Schmid, et al., 2015). However, previous investigations showed decreased 
inflammatory markers, such as TNF-α, IL-6 and CRP, in rats fed with avocado oil, 
which suggests protective potential against cardiovascular damage and insulin 
resistance(Carvajal-Zarrabal, et al., 2014).  
 The presence of Hass avocado-oil in TM resulted in improved postprandial 
glycemia and insulinemia compared with CM. Olive oil, for instance, may protect 
against insulin resistance by promoting phosphorylation of the insulin receptor in 
tyrosine residues and thus improve peripheral glucose uptake and reduce 
inflammation(Oliveira, et al., 2015).Hence, a similar explanation for the potentially 
protective action of Hass avocado-oil on insulin resistance and hampered glucose 
uptake associated with high fat meals and diets may be proposed.  
 Wien, Haddad, Oda, and Sabaté (2013) and Sabaté, Wien, and Haddad (2015) 
reported  improved insulin and glucose values, as well as increased satiety via GLP-1,in 





outcomes to the fat and dietary fiber quality of the product. In our study, GLP-1 
responses did not differ between TM and CM, an observation that may favor the idea of 
a fiber-dependent GLP-1 secretion enhancing effect for the avocado fruit, as reported 
for certain soluble fibers(Sabaté, et al., 2015). However, it may also be that the GLP-1 
enhancing action requires longer exposures than the acute condition prevailing here. 
 Although contribution of other components of the fruit cannot be ruled out, these 
observations may be taken as an indication of the oil fraction as main responsible for the 
lipid profile amelioration, inflammatory markers improvements and glycemia and 
insulinemia reductions associated to avocado intake. 
 As a whole, this study shows that Hass avocado-oil consumed by healthy 
subjects can favorably modulate the negative physiological impact associated to high 
calorie and hyperlipidic meals. The results showed the attenuation of atherosclerosis 
risk factors, protection against inflammation and a tendency to improve endotoxemia. 
They also stress the importance of correct fat quality choice as fundamental for the 
modulation of cardiometabolic risk. The endotoxemia reducing potential of Hass 
avocado-oil expands horizons for further investigations. 
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Supplementary material  
 
Table  S1. Dinner day before study day.  
Ingredients 
Total energy values* 
630  kcal 770kcal 
Pasta, raw (g) 125 160 
Tomato sauce (g) 180  240 
Cheese (g) 5  5 
Chicken (g) 20  25 
Soybean oil (mL) 15  20 





  Table S2. Composition of CM and TM.  
 




(g) (g) (g) (g) (g) (g) (g) (g) (mg) 
(kcal) 
Bacon (meat and fat) 28.00 0.00 0.00 3.75 9.18 3.83 0.79 4.13 16.24 97.66 
Egg, raw, White 145.00 0.00 0.00 14.65 0.00 0.00 0.00 0.00 0.00 58.58 
Egg, raw, yolk 21.00 0.00 0.13 3.28 6.01 1.60 0.90 2.45 208.32 67.68 
Butter (80% fat) 38.00 0.00 0.19 0.15 31.16 20.90 1.12 7.26 97.28 281.80 
White wheat Bread 117.00 4.48 61.34 9.36 3.66 0.59 0.81 1.06 0.00 324.73 
Potatoes 50.00 1.05 8.75 0.91 0.05 0.00 0.00 0.00 0.00 41.17 
Iced sugar 10.00 0.00 9.96 0.00 0.00 0.00 0.00 0.00 0.00 39.84 




35.89 14.46 49.64 
    
 
 
Hass avocado-oil Meal 
                   
 
Bacon (meat) 28.00 0.00 0.00 4.94 0.00 0.00 0.00 0.00 0.00 337.50 
Egg, raw, white 118.00 0.00 0.00 11.92 0.00 0.00 0.00 0.00 0.00 47,67 
Egg, raw, yolk 31.50 0.00 0.19 4.92 9.01 2.39 1.35 3.68 312.48 101.53 
Avocado-oil 37.50 0.00 0.00 0.00 37.50 9.86 5.93 21.72 0.00 19.74 
White wheat bread  117.00 4.48 61.34 9.36 3.66 0.59 0.81 1.06 0.00 324.73 
Potatoes 50.00 1.05 8.75 0.91 0.05 0.00 0.00 0.00 0.00 41.17 
Iced sugar 10.00 0.00 9.96 0.00 0.00 0.00 0.00 0.00 0.00 39.84 




35.53 14.20 50.27 
    
 





Table S3. Volunteers baseline values. 
Screening Visit 1 Visit 2 
Volunteers Sex Age Weight IMC Glucose* Weight IMC Glucose* Weight IMC Glucose* 
    Years kg kg/m2 mmol/l kg kg/m
2 mmol/l kg kg/m2 mmol/l 
1 F 69 68.10 24.6 5.0 69.00 24.9 5.5 68.90 24.8 5.1 
2 M 55 97.20 29.7 6.0 96.50 29.5 6.2 96.10 29.3 5.6 
3 M 73 79.10 25.2 5.1 81.50 26.0 5.3 79.80 25.5 6.1 
4 M 56 105.9 28.7 5.0 106.1 28.8 4.6 105.80 28.7 4.7 
5 M 63 94.30 28.6 6.1 94.20 28.6 6.7 93.90 28.5 5.9 
6 F 70 80.90 30.0 5.6 81.50 30.3 6.9 80.60 29.9 5.4 
7 M 66 99.20 28.9 5.7 100.0 29.2 5.7 98.90 28.9 5.4 
8 F 67 71.30 27.5 5.0 71.30 27.5 5.7 71.80 27.7 5.2 
9 M 65 86.00 29.2 5.3 87.40 29.6 5.0 84.80 28.7 5.6 
10 F 62 78.40 28.9 4.5 77.10 28.5 5.0 77.70 28.7 4.4 
11 F 69 68.70 26.0 4.5 68.50 26.0 5.0 70.00 26.6 5.4 
12 F 69 77.70 27.5 5.8 77.50 27.4 5.1 78.30 27.7 5.4  
13 M 63 84.20 29.5 6.0 83.00 29.0 5.1 82.90 29.0 5.3 
 No significant statistical difference.*Glucose 12h fasting.  
 
Abbreviations 
CM  control meal 
TM   test meal 
BMI  body mass index 
LDL-c  low-density lipoprotein cholesterol 
HDL-c  high-density lipoprotein cholesterol 
TC  total cholesterol 
TG  triacylglycerol 
GLP-1  glucagon-like peptide-1  
CRP  C-reactive protein 
IL-6  interleukin 6 
LBP  LPS-binding protein 
sCD14  soluble cluster of differentiation 14 
TLR  toll like receptors 
LPS  lipopolysaccharide 
SFA  saturated fatty acids 
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 A caracterização do azeite da polpa do avocado Hass mostrou fonte de ácido oléico 
e fitosteróis com potencial antioxidante. Visto a quantidade de fitosterol total encontrada 
no azeite pode-se considerá-lo uma nova fonte de fitosteróis no mercado brasileiro. Já a 
caracterização da infusão das folhas do avocado Hass apresentaram flavonóides como 
quercetina e as protocianidinas, como a catequina e epicatequina, além do potencial 
antioxidante. Esses resultados reportados trazem novas fontes de bioativos, ricos em 
antioxidantes, e que podem ser adquiridos facilmente pela população brasileira.  
 Quanto aos resultados encontrados nos experimentos em ratos da espécie Wistar, 
com o azeite da polpa e infusão das folhas do avocado da variedade Hass sem atividade 
física, pode-se encontrar menores benefícios, porém não menos importantes. O azeite foi 
capaz de reduzir o tecido adiposo, melhorar as enzimas do estresse oxidativo glutationa 
redutase (GRd) e superoxido dismutase (SOD) no plasma e GRd no fígado. Reduziu 
triglicérides no plasma, citocina inflamatória TNF-α, melhorou a insulina e aumentou a 
excreção fecal de colesterol e triglicérides. Já a infusão das folhas do avocado Hass foi 
capaz de reduzir o tecido adiposo, reduziu a citocina inflamatória TNF-α no plasma, 
melhorou os hormônios, tais como insulina, leptina e adiponectina, além de melhorar os 
níveis de IGF-1 relacionados com a melhora da captação de glicose, reduziu triglicérides 
no plasma, melhorou a lipoperoxidação via redução da isoprostana, mas aumentou a 
enzima hepática aspartato transaminase (AST). Já no fígado o chá promoveu redução de 
lipídios totais, porém aumentou o acumulo de triglicérides e colesterol total nos 
hepatócitos. Por outro lado, aumentou a excreção fecal de triglicérides e colesterol total 
 No entanto, houve o efeito potencializado dos benefícios à saúde dos animais 
quando a atividade física foi associada ao azeite da polpa e infusão das folhas do avocado 
Hass. Quando a atividade física foi associada ao consumo de azeite, os animais 
apresentaram acentuada redução do tecido adiposo, melhoraram as enzimas do estresse 
oxidativo, glutationa peroxidase (GPx), GRd e glutationa total (GSH). Reduziu-se a 
citocina inflamatória TNF-α no plasma, e melhorou os hormônios, tai como insulina, 
adiponectina e leptina, além de produzir redução da glicemia de jejum. Reduziu também os 





em melhora da lipoperoxidação e aumento das enzimas do estresse oxidativo GPx e GRd 
com redução da enzima hepática AST. Por outro lado, houve aumento do acumulo de 
triglicérides e colesterol total nas células, o que refletiu na maior marcação de CK-18 nas 
células apontando dano nos hepatócitos.  
 Por outro lado, quando a atividade física foi associada ao tratamento com o 
consumo da infusão das folhas do avocado Hass, houve redução acentuada do tecido 
adiposo, redução da glicemia e insulina com aumento de IGF-1, e melhora dos hormônios 
adiponectina e leptina com redução da citocina inflamatória TNF-α no plasma. Houve 
redução do colesterol total e triglicérides plasmático com aumento de HDL e redução da 
lipoperoxidação. No fígado o efeito foi positivo com redução do lipídio total, redução da 
lipoperoxidação, aumento das expressões dos genes da interleucina-10 (IL-10) anti-
inflamatória, e redução da expressão dos genes IL-6 pró-inflamatória,  mas ainda houve 
acumulo de triglicérides nos hepatócitos. Por outro lado, houve aumento na excreção de 
colesterol total e triglicérides. Quando o consumo da infusão das folhas do avocado Hass 
foi associado à atividade física, houve inibição das enzimas do estresse oxidativo no 
plasma dos animais. 
  Os resultados reportados pelo estudo clínico apresentou os benefícios pós prandial 
do azeite da polpa do avocado Hass. Certamente o perfil lipídico da refeição rica em 
calorias e gordura monoinsaturada foram fatores fundamentais para a melhora dos 
marcadores da aterogênese, visto o potencial antiinflamatório dos monoinsaturados na 
ativação da via das prostaglandinas e tromboxanos da série 3. Contudo, a substituição da 
manteiga pelo azeite da polpa do avocado Hass promoveu melhora na inflamação pela 
redução dos marcadores CRP e interleucina-6. Ainda, houve redução dos lipídios do 
sangue, tais como o colesterol total, LDL-colesterol e os triglicérides de forma 
significativa, apesar do não aumento da lipoproteína HDL-colesterol. A tendência da 
melhora da endotoxemia e insulina apresentada pelo provável efeito protetor da barreira 
intestinal contra o efeito leaky-gut reduzindo a razão LBP/sCD14 no sangue dos 
voluntários alertou-nos para novas investigações na sinalização dos receptores do tipo Toll 

































 Conclusão Geral 
 O azeite da polpa, bem como a infusão das folhas, apresentaram efeitos na redução 
de marcadores inflamatórios, resistência a insulina e perfil lipídico nos estudos in vivo, 
tanto em modelo animal, quanto em humanos. Os compostos bioativos, tais como ácidos 
graxos insaturados e fitosteróis presentes no azeite e flavonóides encontrados no chá, 
apresentaram efeitos sinergéticos positivos e negativos quando associados à atividade 
física.  
 Quanto aos efeitos positivos, os bio-compostos promoveram melhora nos 
marcadores pró-inflamatórios e da resistência a insulina, reduzindo a lipoperoxidação e 
melhoram o perfil lipídico no plasma e aumentaram a excreção fecal de colesterol e 
triglicérides. No fígado houve melhorias, mas não em todos os parâmetros analisados.  
 Assim, poucos foram os efeitos negativos que o sinergismo gerou entre os bio-
compostos presentes no azeite da polpa e na infusão das folhas do avocado Hass com a 
atividade física. Em relação ao azeite, houve acumulo de triglicérides e colesterol total nos 
hepatócitos, o que refletiu na maior marcação de CK-18 nas células apontando dano 
hepático. Em relação a infusão das folhas, houve inibição da ação dos flavonóides 
prejudicando o aumento das enzimas do estresse oxidativo no plasma e no fígado, e 
acumulo de triglicérides nos hepatócitos dos animais. 
 Em suma, o consumo de alimentos azeite da palpa ou infusão das folhas do 
avocado Hass, dieta equilibrada, associado à atividade física, mesmo que de baixa 
intensidade, promoveram poucos efeitos negativos. Em contrapartida, os efeitos positivos 
promoveram melhorias das disfuncionalidades endócrinas relacionadas ao consumo 
crônico de uma dieta rica em ácidos graxos que ativam o sistema pró-inflamatório.  
 O conteúdo desse trabalho colabora com novas perspectivas de investigação e 
análise para o efeito dos bio-compostos presentes no azeite da polpa e infusão das folhas 
do avocado Hass em especial na área clínica. Os dados encontrados aqui em animais não 
podem ser extrapolados aos humanos, sendo necessário considerar e reforçar o equilíbrio 
do consumo de qualquer tipo de alimento na dieta humana em especial os investigados no 



























Perspectivas Futuras  
 Futuros estudos com o azeite da polpa e com a infusão das folhas podem 
proporcionar resultados ainda mais relevantes na verificação da ação dos bio-compostos na 
microbiota intestinal. Os resultados do estudo clínico mostraram-se animadores para a 
continuação de futuras investigações do efeito principalmente do azeite na microbiota 
intestinal. Visto que os últimos estudos na área de alimentos e clínica apontam para a 
importância da microbiota na prevenção de obesidade, diabetes e até doenças mentais. 
 É também um desafio a utilização desses dois alimentos em futuros testes em 
células carcinogênicas. Nosso estudo mostrou que os bio-compostos do azeite e do chá 
podem modular os genes de citocinas e essa modulação pode ser estendida para os genes 
relacionados aos diversos tipos de câncer. Os fitosteróis e flavonóides já vêm sendo 
apresentados na literatura como responsáveis pelo efeito anti-carcinogênico em células 
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Apêndice 1.Characterization analyzes of Hass avocado oil and leaves infusion that did not 
were referred in the Paper 2 and 3. 
 
1. Method 
Mineral nutrients of oil and leaf 
 The determination of mineral elements was performed using a Inductively Coupled 
Plasma Optical Emission Spectrometry (ICP-OES) according with the procedure described 
by Hua, Kay et al. 1.  
2. Results 
 The concentration of minerals nutrients was determined in the Hass avocado oil and 
traces of calcium, copper, iron, phosphor, magnesium, potassium, sodium, and zinc, 
although only sodium contents showed significant amount, above the detection. Significant 
mineral contents were found in the leaves, such as phosphorum, sodium, copper, zinc and 
iron.  Moreover, potassium was the highest in comparison to the other minerals 
investigated in the sample. 
 















        
 
*Recommended daily intake (RDI) of minerals for adults men and woman, according to 
FAO/WHO [2]. 
 
Analysis Hass avocado oil Hass Leaves RDA 
Mineral nutrients* M±SD M±SD mg/Day 
Cd mg kg-1 - < 2.00 0.00 
Ca % (m/m) < 0.6 1.40 ± 0,01 800.0 
Pb mg kg-1 - < 3.0 0.00 
Cu mg kg-1 < 0.5 155.0 ± 8.0 6.00 
Fe mg kg-1 < 0.4 148.0 ± 3.0 0.90 
P mg kg-1 < 2 657.0 ± 7.0 700.0 
Mg % (m/m) < 0.4 0.40 ± 0.01 350.0 
K % (m/m) < 0.7 0.56 ± 0.01 4700.0 
Na mg kg-1 1.30±0.20 199.0 ± 9.0 2400.0 
Se mg kg-1 - < 2.00 0.03 






 High concentrations of minerals are not common in avocado’s oil or flesh2. 
Furthermore, according to our knowledge, there is no published mineral data on Hass 
avocado oil. However, some studies with Hass avocado flesh, found traces of calcium, 
potassium, sodium and magnesium contents, but only in flesh 3; 4.  
 Hass avocado leaf showed values below the recommendation dose to safety to 
consumption for lead (10 mg kg-1 for medicinal plants) WHO,5, but it is not clear about 
the dose of cadmium since the limit detection in the ICP-OES analysis was higher than the 
safe concentration (cadmium is 0.3 mg kg-1).   
 Arukwe, Amadi et al. 6, showed, like as in this study, high content of potassium in 
P. americana leaf from Nigeria and Africa. Higher amount of potassium than sodium is 
related to health benefits such as better electrolyte balance 7 and control of blood pressure 
8. Such effects of potassium explains the use of P. americana plant to prevent elevations on 
blood pressure according to the traditional folk-medicine in Nigeria 9.  
 Copper, zinc and iron, specifically, were showed by Cavalheiro, Picoloto et al. 10 in 
five varieties of olive leaves from Brazil. Arukwe et al. (2012) in P.americana leaf from 
Nigeria found the same minerals and the quantity of iron was similar to our sample. 
Copper, zinc and iron have an important role in cell mediated, maintenance and 
development of an antioxidant, anti-inflammatory system and also in immune cells 11; 12; 13. 
 Besides, considering recommended dietary intake for the minerals it would be 
necessary 5.8 g of avocado Hass leaf/day to supply needs of cooper, 24.66 g to iron and 
268.5 g to zinc supply (Table 2) for an adult14. However, we cannot consider these 
minerals in Hass avocado leaf in terms of biological activity, like “source of” or “rich in”, 
because phenolic compounds, such as catechin and phytates, reduce the minerals 
bioavailability in vivo. They form insoluble complexes with bivalent mineral elements in 
the lumen of the gastrointestinal tract, causing decreased absorption, particularly non-heme 
iron15. In sum, the suggestion to propose Hass avocado leaf as an additional source of 
minerals such as copper, zinc and iron in the diet require future researches to more 
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Apêndice 2.Muscle analysis not included in paper 2 and 3.  
1. Method 
Sample preparation 
 After exsanguination, muscle (gastroquinemio and soleo) was removed, cleaned 
with saline solution, weighed, separate pieces for specific analysis and the remaining was 
stored individually in a freezer at -80°C until analysis.  
Antioxidant analysis 
  Superoxide dismutase (SOD), glutathione peroxidase (GPx), glutathione reductase 
(GRd) enzymes and, endogenous antioxidant total gluthatione marker (GSH) was analyzed 
for colorimetric assay, with adaptation, in rat’s serum, liver and muscle (gastroquinemio) 1. 
Real-time PCR 
 Reverse-transcription was performed using total RNA from muscle samples (soleo), 
as described previously 2. Intron-skipping primers for IL-10, IL-6, IL-1β and TNF-α 
primers were obtained from Integrated DNA Technologies. Real-time PCR analysis of 
gene expression was performed in an ABI Prism 7700 sequence detection system (Applied 
Biosystems). 
2. Results 
Hass avocado oil and leaves infusion decreased antioxidant enzymes, but increased them 
when associated with the low-intensity aerobic training (Table 1).  
 TO groups decreased all antioxidant enzymes compared to HF group (P<0.05). In 
contrast, TEO compared to TO group showed increased in the all enzymes in the muscle, 
with the exception of SOD (P<0.05). Specially, TEO compared to the HTE group, 
increased GPx and GRd enzymes (P<0.05). Further, TEC and TC groups showed reduction 
of enzymes SOD and GSH compared to HF group (P<0.05). However the enzyme GRd 
was increased when Hass avocado leaves infusion was associated to physical activity 






All muscle cytokines was underexpressed by bioactive compounds (Table 1).  
 TEO and TEC showed underexpressed muscle cytokines (TNF-α, IL-6, IL-10 and 
IL-1β mRNA expression). Particularly, TEO showed synergetic effect in the 
underexpressed of the cytokines IL-6 and IL-10 mRNA expression and TO compare to HF 
underexpressed of the IL-10 mRNA expression. Whereas, TEC showed synergetic effect in 
the underexpressed of the cytokines IL-10 mRNA expression only, and TC groups did not 
differ significantly to HF group (P<0.05). 
Hass avocado oil and leaves  infusion plus low-intensity aerobic training showed muscle 
preservation (Table 1).  
 It is possible note, TEO and TEC showed muscle preservation compared to HF 
group. All the others treated groups (HE, HTE, TO, TC) showed total muscle weight 






Table 6.Oxidative enzymes, gene expression and weight tissues. 
  S SE HF HE HTE TEO TO TEC TC 
  M±SD M±SD M±SD M±SD M±SD M±SD M±SD M±SD M±SD 
Oxidative stress enzymes  
  
 
            GPx (nmol NADPH consumed 
min−1 mg−1 protein) 
1.35±0.86* 2.59±0.05 3.31±0.36 0.27±0.04# 1.19±0.21* 2.84±0.11#† 1.48±0.17* 3.71±0.01 3.00±0.99 
GRd (mg/mL) 0.27±0.07 0.17±0.03* 0.37±0.04 0.28±0.01 0.22±0.00* 0.35±0.01#† 0.23±0.01* 0.46±0.04† 0.31±0.04 
SOD (U/mL) 5.07±0.75#* 2.11±0.17 2.58±0.26 1.93±0.09# 2.42±0.21 2.44±0.21 2.08±0.23* 1.92±0.18†* 2.06±0.19* 
GSH (μmol/mL) 280.89±47.36* 357.59±23.35* 570.78±11.57 456.48±41.53 567.28±22.61 536.28±55.17# 423.07±33.58* 391.37±38.33†* 391.25±25.15* 
Expressão Gênica (PCR)    
 
            
TNF-α 1.96±0.11 5.41±1.66#* 1.08±0.51 1.60±0.38 0.71±0.16 0.31±0.06# 2.70±0.94 0.31±0.06# 2.91±1.00* 
IL-6 0.28±0.07* 2.45±1.44# 1.01±0.17 0.98±0.12 1.48±0.38 0.31±0.03#†* 1.81±0.01 1.23±0.37# 0.48±0.07 
IL-10 0.59±0.07 0.89±0.01# 1.03±0.30 1.62±0.02 1.30±0.51 0.14±0.02#†* 0.36±0.16* 0.14±0.04#†* 0.50±0.24 
IL-1β 3.31±0.98* 3.36±0.21* 1.00±0.14 3.72±0.06* 2.83±0.79* 0.83±0.04#† 1.54±0.55 0.45±0.18#† 3.33±1.35 
Total muscle weight (g) 2.54±0.40 2.70±0.26#* 2.40±0.38 2.01±0.19* 2.17±0.34* 2.39±0.52# 2.23±0.33* 2.29±0.48# 2.31±0.18* 
Mean significant difference between S and SE; HE and HTE; HTE and TEO; TEO and TO; TEC and TC groups by Student’s t test #P <0.05 or *P<0.05 to compared  HF to 
all groups (Tukey’s test). Total muscle: gastroquinemio plus soleo. Mean significant difference between HE and HTE; TEO and TO; TEC and TC groups by 
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Apêndice 3. Overview of metabolic effects treatment in rats. Referred to paper 2 and 3. 
 
Figure 1. Overview of metabolic effects of Hass avocado oil and leaves infusion 
consumption. The picture depicts major finds in the research, showing how Hass avocado 
oil and leaves infusion prevent or aggravates various effects induced by diet-inflammatory. 
Arrows (up and down) indicate statistically significance effect (P<0.05) compared to HF 
group during 13 weeks by diet-inflammatory inducer. (A) Metabolic markers in blood. (B) 
Metabolic markers in liver. (C) Metabolic markers in muscle. (D) Lipids profile in feces. 
(E) Adipose tissue weight. Abbreviations: SOD: Superoxide dismutase enzyme, GPx: 
glutathione peroxidase enzyme, GRd: glutathione reductase enzyme; GSH: total 
gluthatione; IGF-1: insulin-like growth factor; TNF-α: Tumor necrosis factor alpha; AST: 
aspartate transaminase; ALT: alanine transaminase; HDL: High-density lipoprotein; 
MDA: malondialdehyde; IL-1β: interleukin-1 beta; IL-6: interleukin-6; IL-10: interleukin-
10; TAG: triglycerides; mRNA: Real-time PCR mRNA expression;TEO: treatment with 
standard diet plus Hass avocado oil (2% W9) for 6 weeks plus physical activity; TO: 
treatment with standard diet plus Hass avocado oil (2% W9) without physical activity for 6 
weeks; TEC: high-fat diet for 7 weeks + treatment with standard diet plus Hass avocado 
leaves infusion plus physical activity for 6 weeks; TC: high-fat diet for 7 weeks + 
treatment with standard diet plus Hass avocado leaves  infusion without physical activity 



















Anexo 2. Clinical study: approval of the ethics committee and clinical trial governmental. 
 




































































Anexo 3. The Journal of Functional Foods establishes permission (publication of the 
article in thesis) without prior request.  
 
Paper approved for publication, but not published until October 20th, entitle: Inclusion of 
Hass avocado-oil improves postprandial metabolic responses to a hypercaloric-


































Age: .................. years 
Height: ............... ..cm 
Weight: .................. ..kg 
Waist: .. ......... .cm        
 
1 Are you married / cohabiting partner? 
Yes/No 
 
2 Are you retired? 
Yes/No 
 
If no, what are you working with and how much? 
.........................................................      ..... ..h per day ..................... .. week 
 
3 How would you rate your working / everyday life as a pensioner?  
...... Sedentary 
...... Both sedentary and mobile         





...... Physically heavy, exhausting 
            
4 How much housework (cooking, cleaning, washing, etc.) perform? 
   .... time per day .... days a week during ....                                                  
 




If yes, please tick which is / are and indicate approximately how much time you devote to 
them. Enter both number of minutes per day and days per week and specify which months 
of the year, you usually engaging in the activity. 
 (Example: x Gymnastic 60 min per day, one day a week during February-April + 
September to November) 
 
... Walking              .... minutes per day .... days a week during .... 
... Cycling               .... minutes per day .... days a week for ................. 
... Gymnastics        .... minutes per day .... days a week for ........... 
.. Dance                   .... minutes per day .... days a week for ............................ 
... Gardening          .... minutes per day .... days a week for .............. 
... Other, ... .           . .... minutes per day .... days a week for ......... 
 
6 Did you lost or gained weight (1 kg or more) in the last 2-3 months? 
   Yes ______ No 
 






Have you changed your eating habits intentionally to achieve this weight change? 
 
Have you changed your physical activity deliberately to achieve this weight change? 
 
7 Have you previously been smoking? Circle one of the options 
Yes/No 
 
8 Are you smoking now? 
Yes/No 
 





Eating and drinking habits 
 
10 What do you usually have for breakfast? More than one option may be ticked. 
... The porridge and milk 




11  What do you usually eat at noon (lunch / dinner)? More than one option may be ticked. 
... The porridge and milk 






... Cooked meat / fish / eggs 
... Other,  
 
12 What do you usually eat in the evening (dinner / supper)? More than one option may be 
ticked. 
... The porridge and milk 
... File / yogurt and cereal / muesli 
... Sandwiches 
... Cooked meat / fish / eggs 
... Other, what ........... 
 
13 How much fruit / berries are you eating? 
Expect about 75 g of berries 1 piece. Please tick one of the alternatives 
... Less than 1 day 
... 1 day 
... 2-3 day 
... More than 3 day 
13a. Do you eat avocado or avocado oil? Do you like it? 
Avocado fruit: Yes /No 
Avocado oil: Yes/No 
 









14 Specify how often you eat the following foods 
  
Times a week 
 
a/ Fish (all varieties) for lunch / dinner?                                                    .................. 
b/ Oily fish types of herring, mackerel and salmon for lunch / dinner?   .................. 
c/ Meat (brand meat, mince, sausages) lunch / dinner?                               .................. 
d/ Potatoes (boiled / fried etc) for lunch / dinner?                                        .................. 
e/ Cooked pasta for lunch / dinner?                                                                .................. 
f/ Boiled rice for lunch / dinner?                                                                      .................. 
g/ Dried, cooked legumes (beans, chickpeas) for lunch / dinner?           ................. 
h/ Nuts / almonds, including peanuts?                               .................. 
i/ Grain-based foods?                                     .................. 
j/ Avocado oil for lunch / dinner?                                                                    .................. 
 
15  How often do you eat vegetables including root vegetables? Please tick one of the 
alternatives 
... Not every day 
... Either for lunch or dinner 
... Both for lunch and dinner 
... Both for breakfast, lunch and dinner 
 
16 How many slices of bread do you eat usually a day? 
  Circle the alternative that fits best. 






17 What is / are breads do you eat? 
  Enter both bread name and who made it. 
  Examples: Crispbread Husman Wasabröd 
…………………………………………………………………………………………. 
 
18 Do you choose keyhole bread? Please tick the option that best 
.... Yes, almost always 
.... Yes sometimes 
.... No, not usually 
.... No never 
 
19 What / who shortenings (s) do you usually use on your sandwiches? 
…………………………………………………………………………………………. 
 (Exempel: Becel pro active, Lätt&Lagom oliv, Bregott extra saltat) 
 
20 How much cooking fat do you have on your sandwich? 
Place a check mark for that best. 
.... less than a ½ serving packages á 10 g 
.... ½ serving packages á 10 g 
.... 1 serving packets with 10 g 
.... more than 1 serving packets with 10 g 
.... do not use margarine 
 
21 What toppings do you have on your sandwiches? 







.... ham and similar 
.... liverwurst 
.... fish toppings 
.... jam 
.... otherwise, as...................... 
 
22 Do you choose keyhole toppings? Please tick the option that best 
.... Yes, almost always 
.... Yes sometimes 
.... No, not usually 
.... No never 
 






(Example: Roasting: Bregott additional salted and olive oil For example, you never bake: 
write CAKES NEVER on the line) 
 
24 Eat / drink you yoghurt or fruit drink with healthy bacteria? Examples: Dofilus with 
fiber, ProViva shot 
.... Yes, almost every day 
.... Yes sometimes 





.... No never 
 
If you answered Yes, please indicate what you are eating right now.                                                                                     
………………………………………………………………………………………………. 
 
25 What do you drink and how often? Check for your most common beverages and specify 
how often, either the number of times per day or per week 
... Light beer                            .... times a day .... times a week 
... Beer                                      .... times a day .... times a week 
... Beer                                      .... times a day .... times a week 
... Wine                                     .... times a day .... times a week 
... Milk light / medium            .... times a day .... times a week 
... Milk standard                      .... times a day .... times a week 
... ... Water. times a day          .... times a week 
... Soda / juice, incl cola          .... times a day .... times a week 
... Soda/juice, light incl cola   .... times a day .... times a week 
... Juice                                     .... times a day .... times a week 
... Coffee                                   .... times a day .... times a week 
... Tea, black                            .... times a day .... times a week 
... Tea, green                            .... times a day .... times a week 
... Tea, red                                .... times a day .... times a week 
... Otherwise, what? ............   .... times a day .... times a week 
 
26 Which of the following do you use in tea / coffee? 








.... milk in 
.... cream of 
.... Other, what? 
 
27  Do you use any product with added plant sterols? Example: pro.active fat margarine 
Becel, Becel pro.active shot 
.... Yes, almost every day 
.... Yes sometimes 
.... No, not usually 
.... No never 
 
If you answered Yes, please indicate what you are eating right now                                                                                  
………………………………………………………………………………………………. 
 
28 Which of the following do you eat and how often? Please tick what you eat each week 
and enter either the number of times per day or per week 
... Cookie / biscuit                    .... times a day     .... times a week 
... Wheat bread / wheat bun      .... times a day    .... times a week 
... Kondisbit                              .... times a day     .... times a week 
... Piece of cake / pastry            .... times a day     .... times a week 
... Crusts. times a day                .... times a week ... .. 
… Dark chocolate        .... times a day    .... times a week 
... Milk chocolate                      .... times a da      .... times a week 
... Candy                                    .... times a day    .... times a week 





... Chips. times a day                .... times a week 
... Glass. times a day                 .... times a week 
 
29 Is there any food that you absolutely can not imagine eating? Circle one of the options 
Yes    No 
If yes, what? 
…………………………………………………………………………………………….. 
 
30 Is there any food or drink, you tend to eat, you can not imagine to abstain from during a 
two-month diet study last? 
Circle one of the options 
Yes     No 




31 Have you taken any supplements in the past month? Circle one of the options 
Yes No 
If yes, what / who?……………………………………………….. 
 
32 Have you taken any prescription medicines or herbal remedies during the past month? 
Circle one of the options. 
Yes     No 







33 Do you use any prescription drugs? Circle one of the options. 
Yes    No 
If yes, what / who? 
…………………………………………………………………………………………… 
 
34  Do you have or have had any diagnosed disease? Circle one of the options. 
Yes     No 
If yes, what / who? 
…………………………………………………………………………………………… 
 
35 Have any of your parents suffered a heart attack before the age of 60? 
… No 
... Father   ... Do not know 
... Mother  ... Do not know  
 
36 Do you have any close relative (parent, sibling, grandparent, grandparent) who has or 
has had type 2 diabetes (adult onset diabetes), or gestational diabetes? The question applies 
only biological parents and mother / father-parents and siblings. Circle one of the options. 
Yes    No 
If yes, please tick the options that apply 
... Father        ... do not know    ... Mother          ... Do not know 
... Siblings      ... do not know    ... Grandpa        ... Do not know 
... Grandma   ... Do not know   ... grandfather   ... Do not know 
... Grandma   ... Do not know 
 
 
 
